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PREFACE. 



This volume is published with the hope of supplying 
a want often expressed for some seaside book of a popu- 
lar character, describing the marine animals common to 
our shores. There are many English books of this kind ; 
but they relate chiefly to the animals of Great Britain, 
aad can only have a general bearing on those of our own 
coast, which are for the most part specifically different 
from their European relatives. While keeping this ob- 
ject in view, an attempt has also been made to present 
the facts in such a connection, with reference to prin- 
ciples of science and to classification, as will give it in 
some sort the character of a manual of Natural History, 
in the hope of making it useful not only to the general 
reader, but also to teachers and to persons desirous 'of 
obtaining a more intimate knowledge of the subjects 
discussed in it. With this purpose, although nearly all 
the illustrations are taken from among the most com- 
mon inhabitants of our bay, a few have been added 
from other localities in order to fill out this little sketch 
of Radiates, and render it, as far as is possible within 
such limits, a complete picture of the type. 
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A few words of explanation are necessary with ref- 
erence to the joint authorship of the book. The draw- 
ings and the investigations, where they are not referred 
to other observers, have been made by Mr. A. Agassi^ 
the illustrations having been taken, with very few ex- 
ceptions, from nature, in order to represent the animals, 
as far as possible, in their natm^l attitudes ; and the 
text has been written by Mas. L. Aqassiz, with the 
assistance of Mk. A. Agassiz's notes and explanations. 

Cambbidgg, May, 1865. 



NOTE. 



This second edition is a mere reprint of the first. A few 
mistakes accidentally overlooked have been corrected ; an ex- 
planation of the abbreviations of the names of writers used after 
the scientific names has been added, as well as a list of the 
wood-cuts. The changes which have taken place in the opinions 
of scientific men with regard to the distribution of animal hfe 
in the ocean have been duly noticed in their appropriate place, 
but no attempt has been made to incorporate more important 
additions which the progress of our knowledge of Kadiatea may 
require hereafter. 

Caubbidge, January, I87I. 
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MARINE ANIMALS OF MASSACHUSETTS BAT. 



ON BADIATES IN GENERAL. 

It is perhaps not strange that the Badiates, a type of animals 
whose home is in the sea, many of whom are so diminutive in size, 
and so light and evanescent in substance, that they are hardly to 
be distinguished from the element in which they live, should have 
been among the last to attract the attention of naturalists. Nei- 
ther is it surprising to those who know something of the history of 
these animals, that when the investigation of their structure was 
once begun, when some insight was gained into their complex life, 
their association in fixed or floating communities, their wonder- 
ful processes of development uniting the most dissimilar individ- 
uals in one and the same cycle of growth, their study should have 
become one of the most fascinating pursuits of modern science, 
and have engaged the attention of some of the most original in- 
vestigators during the last half century! It is true tliat from 
the earliest days of Natural History, the more conspicuous and 
easily accessible of these animals attracted notice and found their 
way into the scientific works of the time. Even Aristotle de- 
scribes some of them under the names of Acaleph^ and Knidae, 
and later observers have added something, here and there, to our 
knowledge on the subject ; but it is only within the last fifty 
years that their complicated history has been unravelled, and the 
facts concerning them presented in their true connection. 

Among the earlier writers on this subject we are most indebted 
to Rondelet, in the sixteenth century, who includes some account 
of the Radiates, in his work on tlie marine animals of the Medi- 
terranean. His position as Professor in the University at Mont- 



d by Google 



2 MARINE AMMALS OF MASSACHUSETTS BAY. 

pelier gave him an admirable opportunily, of whicb he availed 
himself to the utmost, for carrying out his investigations in this 
direction. Seba and Klein, two naturalists in the North of Eu- 
rope, also published at about this time numerous illustrations of 
marine animals, including Radiates. But in all these -works we 
find only drawings and descriptions of the animals, without any 
attempt to classify them according to common structural features. 
In 1776, 0. F. Miiller, in a work on the marine and terrestrial 
faunae of Denmark, gave some admirable figures of Radiates, 
several of which are identical with those found on our own 
coast. Cavolini also in his mvestigations on the lower marine 
animals of the Mediterranean, and Ellis in his work upon those 
of the British coast, did much during the latter half of the past 
century to enlai^ our knowledge of them, 

It was Cuvier, however, who first gave coherence and precision 
to all previous investigations upon this subject, by showing that 
these animals are united on a common plan of structure expres- 
sively designated by him under the name Eadiata. Although, 
from a mistaken appreciation of their affinities, he associated 
some animals with them which do not belong to the type, and 
have since, upon a more intimate knowledge of their structure, 
been removed to their true positions ; yet the principle intro- 
duced by him into their classification, as well as into that of the 
other types of the animal kingdom, has been all important ti> 
science. 

It was in the early part of this century that the French began 
to associate scientific objects with their government expeditions. 
Scarcely any important voyage was undertaken to foreign coun- 
tries by the French navy which did not include its corps of nat- 
uraHsts, under the patronage of government. Among the most 
beautiful figures we have of Radiates, are those made by Sar- 
vigny, one of the E^ench naturalists who accompanied Napoleon 
to Egypt ; and from this time the lower marine animals began 
to be extensively collected and studied in their living condition. 
Henceforth tlie number of investigators in the field became more 
numerous, and it may not be amiss to give here a slight account 
of the more prominent among them. 

Darwin's fascinating book, published after his voyage to the 
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ON RATUTES IN GENERAL. 3 

Pacific, and giving an account of the Coral islands, the many 
memoirs of Milne Edwards and Haime, and the great ■works of 
Quoy and Gaimard, and of Dana, are the chief authorities upon 
Polyps. In the stiidy of the European Acalephs we have a long 
list of names high in the amials of science. Eschscholtz, P^ron 
and Lesueur, Quoy and Gaimard, Lesson, Mertens, and Huxley, 
have all added largely to our information respecting these ani- 
mals, their various voyages having enabled them to extend their 
investigations over a wide field. No less valuable have been the 
memoirs of Kiilliker, Leuckart, Gegenbaur, Vogt, and Haeekel, 
■who in their frequent excursions to the coasts of Italy and France 
have made a special study of .the Acalephs, and whose descrip- 
tions have all the vividness and freshness which nothing but 
familiarity ■with the living specimens can give. Besides theae, 
we have the _ admirable works of Ton Siebold, of Ehrenberg, 
the great interpreter of the microscopic world, of Steenstrup, 
Dujardin, Dalyell, Forbes, Allman, and Sars. Of these, the four 
latter were fortunate in having their home on the seashore ■with- 
in reach of the objects of their study, so that they could watch 
them in their living condition, and follow aU their changes. The 
charming books of Porbes, who knew so well how to popularize 
his instructions, and present scientific results under the most at- 
tractive form, are weR known to English readers. But a word on 
the investigations of Sars may not be superfluous. 

Bom near the coast of Norway, and in early life associated 
■with the Church, bis passion for Natural History led him to em- 
ploy all his spare time in the study of the naaiine animals im- 
mediately about him, and his first papers on this subject attracted 
so much attention, that he was offered the place of Professor at 
Christiania, and henceforth devoted himself exclusively to scien- 
tific pursuits, and especially to the investigation of the Acalephs. 
He gave us the key to the almost fabulous transformations of 
these animals, and opened a new path in science by sho^wing the 
singular phenomenon of the so-called " alternate generations," 
in ■which the different phases of the same hfe may be so distinct 
and seemingly so disconnected that, until we find the relation 
between them, we seem to have several animals ■where we have 
but one. 
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4 MAEDJE ANIMALS OP MASSACHUSETTS BAT. 

To the works above mentioned, we may add the third and 
fourth volumes of Professor Agassiz'e Contributions to the Nat^ 
ural History of the United States, which are entirely devoted to 
the American Acalephs. 

The most important works and memoirs concerning the Echino- 
derms are those by Klein, Link, Johannes Miiller, Jager, Des- 
moulins, Troschel, Sars, Savigny, Forbes, Agassiz, and Liitken, 
but excepting those of Forbes and Sars, few of these observations 
are made upon the living specimens. It may be well to mention 
here, for the benefit of those who care to know something more 
of the literature of this subject in our own coujitry, a number of 
memoirs on the Radiates, of our coasts, published by the various 
BcientifiG societies of the United States, and to be found in their 
annals. Such are the papers of Grould, Agassiz, Leidy, Stimp8on, 
Ay res, McCrady, Clark, A. Agassiz, and Verrill. 

One additional word as to the manner in which the subjects 
included in the following descriptions are arranged. We have 
seen that Cuvier recognized the unity of plan in the structure 
of liie whole type of Radiates. ' All these animals have their 
parts disposed around a common central axis, and diverging from 
it toward the periphery. The idea of bilateral symmetry, or the 
arrangement of parts on either side of a longitudinal axis, on 
which all the liigher animals are built, does not enter into their 
structure, except in a very subordinate manner, hardly to be per- 
ceived by any but the professional naturalist. This radiate struc- 
ture being then common to the whole type, the animals compos- 
ing it appear under three distinct structural expressions of the 
general plan, and according to these differences are divided into 
three classes, — Polyps, Acalephs, and Echinoderms. "With these 
few preliminary remarks we may now take up in turn these dif- 
erent groups, beginning with the lowest, or the Polyps.* 

• It is to be regretted that on account of the mei^re lepreientftlions of Polyps on 
trar coBBt, where the coral reefs, which include the moat interesting features of Poljp 
life, are entirely wanting, oar account of these animals is necessarily deficient in vari- 
ety of material. Wiien we reach the Acalephs or Jally-Fisbea, in which the fauna of 
our shores is especiaily rich, we shall not have the same apology for dulness ; and it 
will be our own tank if our readers are not atttacted by the many graceful forms to 
which we shall then introduce them. 
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GENERAL SKETCH OF THE POLYPS. 



GENERAL SKETCH OF THE POLYPS. 

Before describing the different kinds of Polyps living on our 
immediate coast, we will say a fewwords of Polyps in general 
and of the mode in which the structural plan common to aU 
Radiates is adapted to this particular class. In all Polyps the 
body consists of a sac divided by vertical partitions (Fig. 1.) into 
distinct cavities or chambers. These parti- 
tions are not, however, all formed at once, but 
are usually limited to six at first, multiplying 
indefinitely with the growth of the animal in 
some kinds, while in others they never in- 
crease beyond a certain definite number. In \ 
the axis of the sac, thus divided, hangs a 
smaller one, forming the digestive cavity, 
and supported for its whole length by the s 
primary partitions. The other partitions, tliough they extend 
moro or less inward in proportion to their age, do not unite 
with the digestive sac, but leave a free space in the centre be- 
tween their inner edge and the outer wall of the digestive sac. 
The genital organs are placed on the inner edges of the partitions, 
thus hanging as it were at the door of the chambers, bo that 
when hatched, the eggs naturally drop into tlie main cavity of 
the body, whence they pass into the second smaller sac through 
an opening in its bottom or digestive cavity, and thence out 
through the mouth into the water. In the lower Polyps, as in 
our common Actinia for instance, these organs occur on all the 
radiating partitions, while among the higher ones, the Halcy- 
onoids for example, they are found only on a limited number. 
This limitation in the repetition of identical parts is always found 
to be connected with structural superiority. 

The upper margin of the body is fringed by hollow tentacles, 
each of which opens into one of the chambers. All parts of the 
animal thus conununicate with each other, whatever is intro- 
duced at the mouth circulating through the whole structure, 
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passing first into the digestive cavity, thence through the opening 
in the bottom into the main chambered cavity, where it enters 
freely into all the chambers, and from the chambers into the ten- 
tacles. The rejected portions of the food, after the process of 
digestion is completed, return by the same road and are thrown 
out at the mouth. 

These general features exist in all Polyps, and whether they 
lead an independent life as the Actinia, or are combined in com- 
munities, like most of the corals and the Halcyonoids ; whether the 
tentacles are many or few ; whether the partitions extend to a 
greater or less height in the body ; whether they contain limestone 
deposit, as in the corab, or remain soft throughout life as the sea- 
anemone, — the above description applies to them aU, while the 
minor differences, either in the tentacles or in the form, size, color, 
and texture of the body, are simply modifications of this structure, 
introducing an infinite variety into the class, and breaking it up 
into tlie lesser groups designated as orders, families, genera, and 
species. Let us now look at some of the divisions thus estab- 
lished. 

The class of Polyjra is divided into three orders, — the Halcy- 
onoids, the Madreporians, and the Actinoids. Of the lowest 
among these orders, the Actinoid Polyps, our Actinia or sea-ane- 
mone is a good example. They remain soft through life, having 
a great number of partitions and consequently a great number of 
'tentacles, since there is a tentacle corresponding to every cham- 
ber. Indeed, in this order the multiplication of tentacles and 
partitions is indefinite, increasing diiring the whole life of the 
animal with its growth ; while we shall see that in some of the 
higher orders the constancy and limitation in the number of these 
parts is an indication of superiority, being accompanied by a 
more marked individuahzation of the different functions. 

Next come the Madreporians, of which our Astrangia, to be 
described hereafter, may be cited as an example. In this group, 
although the number of tentacles still continues to be large, they 
are nevertheless more limited than in the Actinoids ; but their 
characteristic feature is the deposition of limestone walls in the 
centre of the chambers formed by the soft partitions, so that all 
the soft partitions alternate with hard ones. The tentacles, al- 
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ways corresponding to the cayity of the chambers, may be there- 
fore said to ride this second set of partitions arising just in the 
centre of the chambers. 

The third and highest order of Polyps is that of the Halcyo- 
noids. Here the partitions are reduced to eight ; the tentacles, 
according to the invariable rule, agree in number with the cham- 
bers, but have a far more highly compKcated structure than in 
the lower Polyps. Some of these Ealcyonoids deposit limestone 
particles in their frame. But the tendency to solidify is not lim- 
ited to definite points, as in the Madreporians. It may taJce place 
anywhere, the rigidity of the whole structure increasing of course 
in proportion to the accumulation of limestone. There are many 
kinds, in wiiich the axis always remains soft or cartilaginous, 
while others, as the so-called sea-fans for instance, well itnown 
among the corals for their beauty of form and color, are stiff 
and hard throughout. Whatever their character in this respect, 
however, they are always compound, Uving in communities, and 
never found as separate individuals after their early stages of 
growth. Some of those with soft axis lead a wandering life, 
enjoying as much freedom of movement as if they had an indi- 
vidual existence, shooting through the water like the Pennatulse, 
well known on the California coast, or working their way through 
the sand like the Renilla, common on the sandy shores of our 
Southern States. 



ACTINOIDS. 

Actinia, or iSea-Anemone. (^Afetridiura marginatum Edw.) 

Nothing can be more unprepossessing than a sea-anemone when 
contracted. A mere lump of brown or whitish jelly, it lies like 
a lifeless thing on the rock to which it clings, and it is difficult to 
believe that it has an elaborate and exceedingly delicate inter- 
nal organization, or will ever expand into such grace and beauty 
as really to deserve the name of the flower after which it has been 
called. Pigs. 2, 3, 4, and 5, show tliis animal in its various stages 
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of expansiou and coiitraotioii. Fig. 2 i-epresonts it with all its 
oxteriml appcitdagi^ folded in, and tho whole body flattened ; in 
l*'ig, 8, the tentacles begin to steal out, and the body rises slightly ; 
in Wig. 4, tho body has nearly gained its fuU licirjit, ami (li« tei:!- 



\ 



i..l 



tacies, though iiy Jio itieuiiK I'liUy s|]V0lu1, yet form a delicate 
wreath around the nioulh ; wliile iit L''ig. 5, drawn in Hib size, tho 
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■whole summit of the body seems crowned -with soft, plumy fringes. 
We would say for the benefit of collectors that these animals are 
by no means difficult to find, and thrive well in. confineineiit, 
though it will not do to keep them in a small aquarium with 
other specimens, because they soon render the water foul and 
unfit for their companions. They should therefore be kept in 
a separate glass jar or bowl, and under such circumstances will 
live for a long time with comparatively little care. 

They may be found in any small pools about the rocks which 
are flooded by the tide at high water. Their favorite haunts, 
however, where they occur in greatest quantity are more difficult 
to reach ; but tlie curious in such matters will be well rewarded, 
even at tlie risk of wet feet and a slippery scramble over rocks 
covered with damp sea-weed, by a glimpse into their more crowded 
abodes. Such a grotto is to be found on the rocks of East Point 
at Nahant. It can only be reached at low tide, and then one is 
obliged to creep on hands and knees to its enti'ance, in order to 
see through its entire length ; but its whole interior is studded 
with these animals, and as they are of various hues, pink, brown, 
orange, purple, or pure white, the eiiect is like that of brightly 
colored mosaics set in the roof and walls. Wlien the sun strikes 
tlirough from the opposite exti-emity of this grotto, wliich is open 
at both ends, lighting up its living mosaic work, and showing the 
play of the soft fringes wherever the animfJs are open, it would 
be difficult to find any artificial grotto to compare with it in 
beauty. Thci'O is another of the same kind on Saunders's Ledge, 
formed by a large boulder resting on two rocky ledges, leaving a 
littlo cave beneath, lined in the same way with variously colored 
searanemones, so closely studded over its walls that the surface 
of the rock is completely hidden. They are, however, to be found 
in larger or smaller clusters, or scattered singly in any rocky fis- 
sures, overhung by sea-weed, and accessible to the tide at high 
water. 

The description of Polyp structure given above includes all the 
general features of the sea^anemone ; but for the better osplanar- 
tion of the figures, it may not be amiss to recapitulate them here 
in their special application. The body of the sea-anemone may be 
described as a circular, gelatinous bag, the bottom of which is fiat 
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iiiul f;lightly spreading aiwmd the margin. (Mg. 2.) Tlio upper 
edge of this bag turns in so as to form a sac within a sac. (Pig. 
Fia-o. U.) Tliis inner sac, »,ia tlio stomach or 

i digoslivG cavity, forming a simple open 
I space in tlie centre of the body, witii an 
a])erl.!ue in the bottom, 6, through which 
I tlio food passes into the largor sac, in 
I wliich it is enclosed. But this outer 
I and larger sao or main cavity of the 
body is not, like tho inner one, a simple open space. It is, on the 
contrary, divided by vortical partitions into a number of distinct 
chambers, converging from the periphery to the centre. 'I'Iicko 
partitions do not all advance so far as actually to join tho wall of 
the digestive cavity hanging in Iho eontre of tho body, but most 
of tlicni stop a little short of it, leaving thus a small, open space 
between the cliambers and tho inner sao. (Mg. 1.) The eggs 
hang on tlie inner edge of the partitions ; when mature thoy 
drop into the main cavity, enter the inner digestive cavity through 
its lower opening, and are passed out througlt tho moiitli. 

The embryo bears no rescmblanco to the jnaturo animal. It is 
a little planula, semi-transparent, oblong, entirely covered with 
vibratilo cilia, by moans of wliich it swims freely about in tho 
wator till it cstablislies itself on some rocky surface, tho end 
by which it bocomoa attached spreading slightly and titting 
itself to the inequalities of the rock so as to form a secure basis. 
The upper end then becomes depi'CBsed toward the centre, that 
depression deepening more and moro till it forms the inner sac, 
or in other words the digestive cavity described above. Tho open 
mouth of this inner sac, which may, however, bo clwed at will, 
sinco tho wliolo substance of tlio body is exceedingly contractile, 
is the oial opening or so-oallcd moutli of tho animal. Wo havo 
seon hoWitho main cavity becomes divided by radiating partitions 
i!iito numerous chaiubers ; biit while these internal changes are 
going on, eorresponding external apj)oudages are forming in tho 
sliape of the tentacles, which add go mncli to tlic beauty of tho 
animal, and play so important a part in its history. Tho ton- 
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tacles, at first only few in niunber, aro in fact so many estcnsioiis 

of tiio inner c.liambcrs, gradually narrowing iiptvard till they 

form tlioso delicato liollow feolors whicli make a soft downy fringe 

all around tlio mouth. (Ptg 7) They do not stii t abi aptly from 

tlio summit, hut tho iipjtor nmifjin > 

of tho l)ody itself tlunfi out to 

fonn inoi-o or less extcnsuo lobts, 

tluxmgh which tho pufitioub aud 

chainbors contimio thou couiso, 

and along tlio cdgo ol which llio 

tentacles ariso. 

Tho eggs arc not always laid m 
tho condition of tho siniplo plainila 
described above. Tlicy may, on tlio 
contrary, bo dropped fiom the poi 
cut in diifcront (stagcH of deiohip 
jnent, sometimes even .ilfci the tenUI-it^ b 
in Mga. 8, 9. NeithGi is it by im ms of < 




n iin iv ioim, as 
ilono that thcso 





animals rcprnduce themselves ; Uvoy uiuy uIko jnnUiply hy a pro- 
cess of solf-division. The disk of an Actinia may contract along 
its centre till tlio circular ontlino is ctiangcd to that of a figure 8, 
this constrietion dcopening gradually till tho two halves of the H 
separate, and we have an Aetinia with two mouths, each sur- 
rounded by an indopendont set of tentacloH. I^resoutly tliis sepa- 
ration descends vertically till tho body is finally divided fronx 

KIK. 7. Vtuw ftmu iiHma ol an Actl>ila with nil lis MnUictei cvpaiBlfd i e mouth, i creicem-ahspod 
fMa a( oxircinlty ol' muulh.ao futiii rouuH nKuth, ( i i I^i.taQlea. 
Vin'. 8, 9. Voung AcltiilB in dlffenQt Etagea of gruwih. 
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summit to tiT-G, and WG have two Actinise where there was origi- 
nally but one Another and a far more common mode of re- 
pioduction among these animals is that of hudding like corals. 
A ihght swelling arises on the side of the body or at its base ; 
it enlarges gradually, a digestive cavity is formed witliin it, tenta- 
cles arise around its summit, and it iinally drops off from the 
parent and leads an independent existence. As a number of 
these buds are frequently formed at once, such an Actinia, sur- 
rounded by its little family, still attached to tlie parent, may ap- 
pear for a time like a compound stock, though their normal mode 
of existence is individual and distinct. 

The Actinia is exceedingly sensitive, contracting the body and 
di'awing in the tentacles almost instantaneously at the slightest 
touch. These sudden movements are produced by two powerful 
sets of muscles, running at right angles witli each otlier through 
the thickness of the body wall ; the one straight and vertical, ex- 
tending from tlie base of the wall to its summit ; the other cir- 
cular and horizontal, stretching concentrically around it. By 
the contraction of the former, the body is of course shortened ; by 
the contraction of the latter, the body is, on the contrary, length- 
ened in proportion to the compression of its circumference. Both 
sets can easily be traced by the vertical and horizontal lines cross- 
ing each other on the external wall of the body, as in Mg. 5. 
Each tentacle is in like manner famished with a double set of 
muscles, havuig aii action similar to that described above. In 
consequence of these violent muscular contractions, the water im- 
Isibed by the animal, and by which all its parts are distended to 
the utmost, is forced, not only out of the mouth, but also tlirough 
small openings in the body wall scarcely perceptible under ordi- 
nary circumstances, but at such times emitting little fountains in 
every direction. 

Notwithstanding its extraordinary sensitiveness, the organs of 
til© senses in the Actinia ai-e very inferior, consisting only of a 
few pigment cells accumulated at the base of the tentacles. The 
two sets of muscles meet at the base of the body, forming a disk, 
or kind of foot, by which the animal can fix itself so firmly to 
tlie ground, that it is very difficult to remove it without in- 
jury. It is nevertheless capable of a very limited degree of 
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motion, by mcaiiii of tlm cxpiinsioii sinii coulDiutioii ol' ibis fuot- 
like disk. 

TUo Aotiiiiaa arc cxtrcmoly voi-acioiis ; tlicy feed on iiuisscls 
and coclcles, sucking tlio animals out ol' their sliclls. Wiicii in 
conliuomenfc tJiey may bo fod on raw meat, and seem to relish it ; 
\mt if eompelied to do so, they will live on moro ntitaj^ro ftvo, and 
will even thrive for a loiij^ time on siicli fuoil a-i tlioy nmy piek 
uj) in flio wiitcr where they arc Jicpl. 

lUtodaelmia. {Modaeiiiii'i DaKisU Ac.) 

Very different from this is tho bright red lihodactinia (I'ig. 
1.0), quite common in llio deeper waters of our bay, wliilc far- 
ther north, iu Maine, it ocenrs at low-water mark, Oeeasiou- 
ally it may bo found thrown u|> on our sandy beaches after a. 
storm, and (hen, if it has not been too long out of its native 
clement, or too severely biiiTcled by the waves, it will revive on 
being tin own into a bucket 



of fresh &ea water, expand 

to its full siKO, and show all 

tho beauty of it-f natuml col 

oring. It is crottned with a 

wreath ,of thick, short tenta- 

doa (^g. 10), and though so 

vivid and bright in color, it 

is not so pretty as the more 

connnon Actinia marginatn, 

with itH KOtt wavhig wreath ol 

phuno-liko feelers, in compai^ 

ison to which llio tontaelos of tho Rhodactinia 

plow in their movements. 

All ActinJffl arc not attached to the soil like tho- 
above, nov do thfy all tei niinatc 






clumsy and 



do!.ct ihcd 
a nuihculai' foot, some being 
pointed or rounded at their extremity. Many arc nomadic, wan- 
dering about at will duiing their mIioIo lifeEime, ofheis live 
bariod in the sand or mu<l, only extending their tentacles beyond 
tho limits of tho hole where they make their lioino ; while othcis 
again lead a partt--itic life, fastening themselves upon our larger 

i^ 10 KhodwtlnlaDaihH Ag.,iai*unil»lM. 
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joUy-Iit^h, llic Cyancic, tliougli oiio is at a loss to imugino what 
suslcnancc tliey can derive from unirnals having so littlo solidity, 
Hiid consisting so largely of wulor. 



Arachiiadis. {Amclmacth hrach'wlata A. Ao.) 

\iiioiij; Iho noimdit. l'ol> pi. is a small 
lioilmg Acfmn, called Ai uluiactis, 
L<f 11,) fiom itf, icBomblimo to a 

|)i(li 1 Uiovniofonnd in gictfc plenty 
W" itnigaliont (luimg tlio night feeling 
ih ][ w ty in cioiy dncctioii by means 

I (hui tontacks, nhich nio large 
jn {xopeidon to th< si/ooftht, tiiinial, 
fi w ni uunilici, and tinned dowjiward 
\ hen ill (lioii iiitunl tttitiide The 
[(iifitioiis and tlio digc^tuo canity eii- 
(.losfd bdwoen tliein iio '■boit, is will 
be scon ni lug llj when comimed to 
(In g( lie) at eivify of the body floating 
l)t]h)onhko above thom Aiound the 
month IS a second low of blioitor ton- 
tichs, buttu Sicoii m a jonngoi spocl- 
iinn (lig 12) lliis Actinia diffoi-s 
h )m (boso dosciibod above, m having 
iwQ of the sides flattoiiod, instead of 
l)|^ing perfectly circular. Iiooked at 
from above (as in IJ'ig. 18) this difl'er- 
enco in the diameters is very pereepti- 
blc ; there is an evident tendency to- 
wiw&s establishing a longitudinal axis. 
Ill tlio sca-aiteinono, tbindiNposition is 
only hinted at in tlie slightily pointed 
folds or projections on opposite sides of 
llio cii-clo formed by the mouth, which 
ill the Arachivaetis are so elongated aa 
to produce a soniewliat iian-ow slit (see 

. kg., (-Mail;f waKnlflcd. «». T2. Young AracltMClIf, 
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i'ig. jy), instead of i uiuuhi opining, I in nunlli is iXw a 
littlo out of centio, i^fhoi iitiiu om, end ol tliu disk thtn tho 
otiier. TIicso facts lie iiiteicstiii^, is sliowiiig tliat tlic ton 
doney towards estaltlislniiK i balance of piits, a-j beUicrii an %i\ 
lerior and ptwtoiioi i-xtioinitj, aright and loft •'ide, ts not foigot 
ten in these lower animals, though their oijrani/aiionas a ivholt, 
is based upon an cqtialif) of puts, idmitting noithci of pos 
torior and aiitonoi extiemittDS, noi of iig)it and left, noi of 
above and boles, in a shuctm tl scuso 'iliis aniniul also pie 
scjits K KOeming anoinilj in Hie niodo of foiiuitton of the 
young tentacles, ■wlnUi ilwajs mike tlicn ippDiiancc at tho 
posterior estroniiit) of tho lonj iludiiml *\is, tht no« ones being 
placed behind thf old( i oik , nish id of iltan dm,, \ ifh lh( ni i 
in othci" Actiiiiifi. 



fiicidiu'M. (Himdiiitii jwrMiiVicum Ac) 

'r}ie IJicidiiim (Fig, 14), our parssitic Actinia, is to bo s;ought 
foi' in Uio mouth-folds of tho flyanca, ow cominou largo red 
Jolly-fish. Ill any moderato-siiEcd specimen of tho lattei' frofti 
twelve to eighteen inehes in dianictov, wo shall bo suro to find 
Olio OF more of those parasites, bidden away among tho immorous 
folds of the mouth. Tlie body is long and tapering, having an ap- 
erture in tho extremity, tiie whole animal being xib-i*. 
liTce ail elongated cone, strongly ribbed from 
apex to base. At tho haso, \r/.. at the mouth 
end, arc a few short, stout tentacles. This Ac- 
tinia is covered with innumerable little trans- 
verso wrinkles (sco Wig. 14), by moans of which 
it fastens itself sceuroly among tho fluted mem- 
branes around the mouth of the Jelly-fish. It 
will live a considerable time in coniinomont, at- 
taching Itself, for its whole length, to tho vessel 
in which it is kept, and clinging quite firmly if 
any attempt is made to remove it. The general 
color of the body is violet or a brownish red, 
though tlie wrinkles give it a somewhat mottled ajjpearance. 

Fig. U. Blciaiom patsellieunij nafuc^l eiie. 
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Jlalcampa. (fldcampa tUbidti Ao.) 

Strange to say, tho Actiiiite, wiiich live in the mad, are 
among tlio most beaiitifully colored of these animalH, Tliey 
IVoquontly prepare tlieir homo with some care, lining their holo 
by moans of the same Bccrcf Ions which give their slimy surfuco 
to our coiiiinon Actinia;, and thus forming a sort of Utbe, into 
which they retire when alarmed. But if undis- 
till iiLd, the) unj be seen at tho open door of 
Ihtii house ^\ith Ihoir many-colored diak and 
iiioidLd tenticlci extending beyond tho aperturo, 
111(1 llirn mouth -vMdo open, waiting for what tho 
lidu nny bung them. By ttio play of their ton- 
titles thej ctn always prodnco a current of 
witci about the mouth, by means of which food 
passes mto tho stomach. Wc have said, that 
these innnils mo \cry brightly colored, but tito 
httlo Ilalcampa (I'lg. "1.5), belonging to our coast, 
IS not one of the brilliant ones. It is, on the 
contrary, a ymall, insignificant Actinia, resem- 
bling a worm, aa it burrows its way tlirough tlio 
salid. It is of a pale yellowish color, with wlutish irarts on the 




jM ADJMOPO iU ANS. 

AHtraiUjiu. {Astranyki Dauic Ao.) 

Jn Figure t6, wo Im^'c tho only species of ooral gi-owing 
so far north as our latitude. Indeed, it hardly belongs in 
this volume, since wo havo limited ourselves to tho K«dialeH of 
^lassaclmsetts Bay, ~ its northernmost boundaiy being some- 
what to tho south of Mnssflchuaetts Bay, about tho shores of 
Jiong Island, and on tlie islands of Sfartha's Yineyard Sound. 
But ive introduce it here, though it is not includfjd under our 
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titio, IjGcauKO any iiciioiint of the RiKlktu^, from wliich so impor- 
tant a group as that of tlso oornls was excliidua, would lio vovy 
iiieomploto. 

Tliis pretty eoral of vi^ lo. 

oui' J^Jortlicm waters is 
110 roof-biiildor, and docs 
not extend farther south 
titan the shores of Nortli 
Carolina. It usually es- 
tablishes iisolf upon brok- 
en angular hite of rock, 
lying in sheltoicd creeks ' 
and inlets, where tho vio- 
lent action of tho open soa is not felt. Ttm presence of one of 
these little communities on a reek may first bo doteeted by what 
seems like a delicate white film over the surftice. This film is, 
however, broken iip by a number of !mrd calcareous dojKwits in 
very regular form (Hg. 20), circular in outline, but divided by 
numerous partitions running from tlic outer wall to tlio centre of 
every such cimlo, where tliey unite at a little white spot formed by 
the mouth or oral opening. Tlieso circles re]>rGsont, and indeed 
are tbemHelvcB the diKtinct individusils (Fig. 17) cumpo'^ing tho 
commTinity, and ttiey look 
not unlike the star-shaped 
pita on a com! head, formed 
by Astrajana. Unlike tho 
massive compact kinds of 
coral, however, tho indi- 
viduals multiply by bud- 
ding from the base cliicfly, 
never rising one above the 
otlier, but .spreading ovcc 
tho surface on which thuy 
have CBtablislied tlicm- 
sclves, a few additional individuals arising between tho older 
ones. In coiiKCqueneo of this mode of growth, such a i 
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jiity, Aviicii it has attaiuctl any esxc, forms a littlti white imMimt on 
tho rock, higlier in tlio centre, wliore the oldci' iiieinbors havu 
attained their w-jiolc height and solidity, and thinning out toward 
tlio margin, wlicre tlio yonnger ones may bo just beginning life, 
and liardly rise above thu tsurface of tho rock. These communi- 
ties rarely grow to be mora than two or three iriclios in diameter, 
and about quarter of an inch in height at the centre whore tho 
individuals have reached their maximum sine. Wlioit tho ani- 
mals are fully cx]ianded (I''ig. 18), Avith all tlicir tentacles spread, 
y.^ ig, the surfiico of every such mound 

Ijceomcs covered with downy 
^^hifo fnuges, and what seemed 
before a hard, calcareous mass 
upon tho rock, changes to a soft 
ilecey tuft, waving gently to and 
fro in tho water. Tho tentacles 
arc Ihickly covered witJt small wart-Iiko appendages, which, on 
examination, prove to be elnster-s of lasBO-cells, &o terminal 
ehistor of tiie tentacle being quite pTOmincnt. These lasso-celle 
are very fbnnidabic weapons, judging both from their appcaranco 
when magnified (Fig. 19), and fi-om tho terrible effect of their 
bristling lash upon any small crustacean, or .worm, tliat 

I may be so unfortunate as to come witliin lis reach. 
The description of tho internal ari'angement of parts 
in tlio Actinia applies in ovcry particular to these corals, 
with tho exception of tlio hard deposit in tho lower part 
of the body. As in all the Polyps, radiating partitions 
divide the main cavity of tlio body into distinct separata 
chambers, and the tentacles increasing by multiples of 
six, munbcring six in the first sot, six in the second, and 
twolvo in the third, are hollow, and open into the ebam- 
bers. But the feature wliieh distinguishes them from 
the ^ft Actiniie, and unitos tlicm with the corals, re- 
quires a somewhat more accurate dosoription. In each 
indivldnal, a hard deposit is formed (Fig. 20), beginning 
at tlio base of every cliamber, and rising from its floor to about 
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ono (ii'tli the height of Hit inumi it ih ^ ititcst i,\(in'-ioii 
lime deposit docs not, howc^oi, fill ^^^^ 

tlio chamber for its wholo width, hut 
rises as a thiQ wall in its rcntio (Sco 
^gs. 16, 17.) Thus botwecii all tho 
soft partitions, in the iinddlo of tho 
clmnibcrs which sopaiati thuii, \(n\ 
lime-stoHO walls aro {,' hIiihHj built 
up, uniting in a solid oohunu in the 
contro. Tlieso walls> luu pniillil 
witli the soft partitions, allliou^li 
thoy do not riso to tin, &amo height, 
and thoy form the radiating luics like slilT lamclH, so conspicu- 
ous whoti all tho soft parfaot tho bodyni'e dra^vji m. 'Uio mouth 
of tho Astrangia is oval, and tho partitions spread in a Ikn-shapcd 
way, being Bomewhat sliortcv at one sido of the animal than on 
tlic other. TJio partitions exteiul beyond tho solid wall which 
unites them at the periplicry, in eonscciucnco of which, this wall 
is marked by liiint vertical ribs. 



,.c^rr 



'\'fl . 



II. A r.CYONOLDS. 



J[ahj/onw,m. (JMcijom 



n A«.) 



\\y. como now to tlie Haleyonoids, represented in our waters 
by tho Halcyonium (Fig. 22). In tho Jlalcyouoids, tho 
highest grou]) of Polyps, tho tentacles roach their greatest 
limitation, whicli, as above mentioned, is found to be a mark 
of supoi'iority, and, connectccl with other strnc- 
tural features, places tiiem at tho licad of their 
class. The number of tentacles throughout this 
group is always eight. Tliey aro very compli- 
cated (Mg. 21), in comparison with tho tenta- 
cles of Iho lower orders, being deeply lobod, 
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(iihI fringed around tho margin. Our llalRyoithnn communities 
(Fig, 22) usually livo iu deep water, 
jhcd to dead shells, though thoy 
occasionally bo found growinj^ at 
water mark, but this is vciy laro. 
I Y have received a rather lugiibri- 
namc from the fishermen, who call 
I " dead-men's fiugcrs," and in- 
l, M'hon the animals arc conti'act- 
tuch a community, with ifis sliort 
iches atlnclied to the main stock, 
s imt unlike the stump of a hand, 
. short, fat fingers. Iu such a con- 
(liUou thoy arc very ugly, the whole 
ni iss being somewhat gelatinous in tex- 
tuiL, and a dull, yellowish piuk iu color. 
mil 1 il \ liidi arc capable of groat extension, arc 
111 1 1 J,Z, sudi a polyp-stock has a mossy, tufted 
i\ ni> iiK iiis an unsiglitly object. Whentlio iudivid- 
uiK aio cntirUy expanded, as in IJHg. 28, they be- 
( omc quiti, tiinsparont, and their internal structure 
can iddily bo scon througli tho walls of the body ; 
«o otii thui eisily distinguish the digostivo cavity, 
uppoitcd foi its wholo length by the eight radiating 
p u htions, ah w(.ll as the groat size of tha main diges- 
tni ciMty suuonudingit. Notwithstanding tlio re- 
nin kiblo powci of contraction and dilatation in, 
tin aninnls tliiinsolvcs, the tentacles are but slight- 
1} contiietile This kind of community increases 
dto^i fill 1 b> buddnif,, tho nidividnal polyps remaining more or 
Ic-, iniiti,d, the tissues of thj individuals becoming tJiiekor by 
the de|K)Sitio!i of limo nodules, and thus forming a massive 
semi e irtilagmous pulp, uniting the wholo community. In tho 
noi^hboihood oi Piovmcetown they are vory plentiful, and aro- 
fonnd all along the shoics of our Bay iu deep water. 
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GENERAL SKETCH OP ACALEPHS. 

In the whole history of metamorphosis, that wonderful chapter 
in the life of animals, there is nothing more strange or more in- 
teresting than the transformations of the Acalephs. Pirst, as 
little floating planulfe or transparent spheres, covered with fine 
"vibratile cilia, by means of which they move with great rapidity, 
then as communities fixed to the ground and increasing by bud- 
ding like the corals, or multiplying by sclf-diTision, and later as 
free-swimming Jelly-fishes, many of them pass through phases 
■which have long bafBed the investigations of naturalists, and have 
only recently been understood in their true connection. Great 
progress has, however, been made during this century in our 
knowledge of this class. Thanks to the investigations of Sars, Du- 
jardin, Stoenstrup, Tan Beneden, and many others, we now iiave 
the key to their true relations, and transient phases of growtli, 
long believed to be the adult condition of distinct animals, are 
recognized as parts in a cycle of development belonging to one 
and the same hfe. As the class now stands, it includes three 
orders, highest among which are the CTESoPHORffl, so called on 
account of their locomotive organs, consisting of minute Sappers 
arranged in vertical comb-like rows ; next to these are the Dia- 
coPHoa^, with their large gelatinous umbreilarlike disks, com- 
monly called Jelly-fishes, Sun-fishes, or Sea-blubbers, and below 
these come the Htdroids, embracing the most minute and most 
diversified of all these animals. 

These orders are distinguished not only by their striMng ex- 
ternal differences, but by their mode of development also. The 
Ctenophorje grow Q:om eggs by a dkect continuous process of 
development, without undergoing any striking metamorphosis ; 
the Discophorffl, with some few exceptions, in which they develop 
like the Otenophorfe from eggs, begin life as a Hydra-like ani- 
mal, the subsequent self-division of which gives rise, by a singular 
process, presently to be described, to a number of distinct Jelly- 
fishes ; the Hydroids include all those Acalephs which either 
pass the earlier stages of their existence as little shrub-hke com- 
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munitics, or remain in that condition through life. These Hy- 
droid stocks, as they are sometimes called, give rise to buds ; 
these buds are transformed into Jelly-fishes, which in some in- 
stances break off when mature and swim away as free animals, 
while in otliers they remain permanent members of the Hydroid 
stock, never assuming a free mode of life. AH these buds when 
mature, whetlier free or fixed, lay eggs m their turn, from which 
a fresh stock arises to renew this singular cycle of growth, known 
among naturalists as " alternate generations." 

The Hydroids are not all attached to the ground, — some 
like the Physalia (Portuguese man-of-war), or the Nanomia, that 
pretty floating Hydroid of our own waters, move about with as 
much freedom as if they enjoyed an individual independent ex- 
istence. As all these orders have their representatives on our 
coast, to be described hereafter in detail, we need only allude 
here to their characteristic features. But wo must not leave un- 
noticed one very remarkable Hydroid Acaleph (Fig. 24), not 
found in our waters, and resembling the 
■ Polyps so much, that it has long been asso- 

ciated with them. The Millepore is a coral, 
and was therefore the more easily confounded 
with the Polyps, so large a proportion of 
which build coral stocks ; but a more mi- 
nute investigation of its structure (Pigs. 25, 
26) has recently shown that it belongs with 
the Acalephs.* This discovery is the more 
important, not only as explaining the true po- 
sition of this animal in the Animal Kingdom, 
but as proving also the presence of Acalephs 
in the earliest periods of creation, suice it re- 
ffers a large number of fossil corals, whose 
affinities with the millepores are well under- 
stood, to that class, instead of to the class of 
Polyps with which they had hitherto been associated. But for 
this we sliould have no positive evidence of the existence of 
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Acalcplis in eai'ly geological periods, tlie gelatinous texture 

of the ordinary Jelly-fishes making their preserva^ rig. ae. 

tion almost impossible. It is not strango that the 

tniQ nature of tliis animal should liave remained 

BO long unexplained; for it is only by the sDtt 

parts of the body, not of course preserved in the 

fossil condition, that their relations to the Acalephs : 

may be detected ; and they ai-e so shy of approach 

drawing their tentacles and the upper part of the 

body into their limestone frame if disturbed, tliat it is not 

easy to examine the hving animal. 

The MUleporo is very abundant on the Florida reefs. From the 
solid base of the coral stock arise broad ridges, branching more or 
less along the edges, the whole surface being covered by innu- 
merable pores, ftom -which the diminutive animals project when 
expanded. (Fig. 25.) The whole mass of the coral is porous, 
and the cavities occupied by the Hydrse are sunk perpendicularly 
to the surface witliin the stock. Seen in a transverse cut these 
tubular cavities ai-e divided at intervals by horizontal partitions 
(Fig. 26), extending straight across tlie cavity from wall to wall, 
and closing it up entirely, the animal occupying only the outei^ 
most open space, and building a new partition behind it as it 
rises in the process of gTowth. This structure is totally different 
from that of the Madrepores, Astr^ans, Porites, and indeed, from 
all the polyp corals which, like all Polyps, have the vertical par- 
titions running through the whole length of tho body, and more 
or less open from top to bottom. 

The life of the Jelly-fishes, with the exception of the MUle- 
pores and the like, is short in comparison to that of other Radi- 
ates. While Polyps hve for many years, and Star-fishes and 
Sea-urchins require ten or fifteen years to attain their full size, 
the short existence of the Acaloph, with all its changes, is accom- 
plished in one year. Tlie breeding season being in the autumn, 
the egg grows into a Hydroid during the winter ; in the spring the 
Jelly-fish is freed from the Hydroid stock, or developed upon it as 
the case may he ; it attains its full size in the fall, lays its eggs 
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and dies, and tlie cycle is complete. Tlie autunm storms mako 
fearful havoc among tliem, swanns of them being killed by the fall 
rains, after which they may be found thrown up on the beaches 
in great mimbers. When we consider the size of these Jelly- 
fishes, their rapidity of growtli seems very remarkable. Our 
common Aureha measures some twelve to eighteen mclies in 
diameter ■when fuU grown, and yet in the winter it is a Hydra so 
small as almost to escape notice. Still more striking is the rapid 
increase of our Cyanea, tliat giant among Jelly-fishes, which, 
were it not for tlie soft, gelatinous consistency of its body, would 
be one of the moat formidable among our marine animals. 

Before entering upon the descriptions of the special kinds of 
Jelly-fishes, we would remind our readers that the radiate plan of 
structure is reprodu ed n tlu lass of animals as distinctly as in 
tlie Polyps, though d a d ff rent aspect. Here also we find 
that there is a cent 1 di t cavity from which all the radiat- 
ing cavities, wheth mj 1 amified, diverge toward the peri- 
phery. It is true tl at the \ hambers of the Polyps are here 
transformed into naiiow tubes, by the thickening of the dividing 
partitions ; or in otlier words, the open spaces of the Polyps cor- 
respond to tubes in the Acalephs, while the partitions in the 
Polyps correspond to the thick masses of the body diTiding the 
tubes in the Acalephs. But tlie principle of radiation on which 
the whole branch of Badiates is constructed controls the organi- 
zation of Acalephs no less than that of the other classes, so that 
a transverse section across any Polyp (Pig. 1), or across any 
Acaleph (Fig. 50), or across any Echinodei'm (Pig. 140), shows 
their uiternal structure to be based upon a radiation of all parts 
from the centre to the periphery. 

That there may be no vagueness as to the terms used here- 
after, we would add one word r^pectiiig the nomenclature of this 
class, whose aliases might baffle the sagacity of a police detective. 
The names Acalephs, Meduste, or the more common appellation 
of Jelly-fishes, cover tlie same gi'ound, and are applied indiscrim- 
inately to the animals they represent. The name Jelly-fish is an 
inappropriate one, though the gelatinous consistency of these 
animals is accurately enough expressed by it ; but they have no 
more structural relation to a fish than to a bird or an insect. 
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They have, however, received this name before the structure of 
animalB was understood, when all animals inhabiting the waters 
were indiscriminately called fishes, and it is now in such general 
Tise that it would be difficult to change it. The name Medusa is 
derived from their long tentacular appendages, sometimes wound 
up in a close coil, sometimes thrown out to a great distance, 
sometimes but half unfolded, and aptly enough compared to the 
snaky locks of Medusa. Their third and oldest appellation, that of 
Acalephs, — alluding to tlieir stinging or nettling property, and 
given to them and like animals by Aristotle, in the first instance, 
but afterwards applied by Ouvier in a more limited sense to 
Jelly-fishes, — is the most generally accepted, and perhaps the 
most appropriate of all. 

The subject of nomenclature is not altogether so diy and 
arid as it seems to many who do not fully understand the signifi- 
cance of scientific names. Not only do tlie-y often express with 
terse precision the character of the animal or plant they signify, 
but there is also no httle sentiment concealed under these jaw- 
breaking appellations. As seafaring men call their vessels after 
friends or sweethearte, or commemorate in this way some impres- 
sive event, or some object of their reverence, so have naturalists, 
under their fabrication of appropriate names, veiled many a grace- 
ful allusion, either to the great leaders of our science, or to some 
more intimate personal affection. The lAnncsa borealis was well 
named after his famous master, by a disciple of the great Nor- 
wegian naturalist ; G-oethea semperjtorens, the ever-blooming, is 
another tribute of the same kind, while the pretty, graceful httle 
Lizzia, named by Forbes, is one instance among many of a more 
affectionate reference to nearer friends. The allusions of this 
kind are not always of so amiable a character, however, — witness 
the " Buffonia," a low, noxious weed, growing in marshy places, 
and named by Linnjeus after Buffon, whom he bitterly hated. 
Indeed, there is a world of meaning hidden under our zoological 
and botanical nomenclature, known only to those who are inti- 
mately acquainted with the annals of scientific fife in its social as 
■well as its professional aspect. 
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CTEN0PH0EJ5. 

TflB OtenopliorEe diflfer from other Jelly-fishes in their mode of 
locomotion. All the Discophorous Medusas, as well as Hydroids, 
more by a rliytiimieal rise and fall of the disk, contracting and 
espanding with alternations so regular, that it reminds one of the 
action of iho lungs, and seems at first sight to he a kind of res- 
piration in which water takes the place of air. The Greeks rec- 
ognized this peculiar character in their name, for they called 
them Searhmgs. Indeed, locomotion, respiration, and circulation 
are so intimately connected in all these lower animals, that what- 
ever promotes one of tliese functions affects the other also, and 
though the immediate result of the contraction and expansion 
of the disk seems to bo to impel them through the water, yet 
it is also connected with the introduction of water into tlie body, 
■which there becomes assimilated with the food in the process of 
digestion, and is circulated throughout aU its parts by means of 
ramifying tubes. In the Ctenophor^ there is no such regular 
expansion and contraction of the disk ; they are at once dis- 
tinguished from the Discophorje by the presence of external 
locomotiTe appendages of a very peculiar character. They move 
by the rapid flapping of countless little oars or paddles, arranged 
in vertical rows along the surface of the disk, acting indepen 
dently of each other ; one row, or even one paddle, moving singly, 
or all of them together, at the will of the animal ; thus ena^ 
bling it to accelerate or slacken its movements, to dart thi'ough 
tlie water rapidly, or to diminish its speed by partly furling its 
little sails, or, spreading them slightly, to poise itself with a faint, 
quivering movement that reminds one of the pause of the lium- 
ming-bird in the air, — something that is neither positive motion, 
nor actual rest.* 

These locomotive appendages are intimately connected with 
the circulating tubes, as we shall see when we examine the etruc- 

* The fiappora of one sido ave sometimes in fall activity, while those of the other 
side ate perfectly quiet oi- nearly so, thus proflucing rotatory movements in every 
direction. 
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turat details of these animals, so that in them also hreathing and 
moving aro in direct relation to each other. To those unaccus- 
tomed to the comparison of functions in animals, the use of the 
word hreathing, as applied to the introduction of water into the 
body, may seem inappropriate, but it is by tlie absorption of 
aerated water that these lower animals receive that amount of 
oxygen into the system, as necessary to the maintenance of life in 
them, as a greater supply is to the higher animals. The name 
of Ctenophorffi or comb-bearers, is derived from these rows of 
tiny paddles which have been called combs by some naturalists, 
because they are set upon horizontal bands of muscles, see Fig. 
29, reminding one of the base of a comb, while the fringes are 
compared to its teeth. Tliese flappers add greatly to the beauty 
of these animals, for a variety of brilliant hues is produced along 
each row by the decomposition of the rays of light upon them 
when in motion. They give off all the prismatic colors, and as 
the combs are exceedingly smaU, so that at first sight one 
hardly distinguishes them from the disk itself, the exquisite play 
of color, rippling in regular lines over the surface of the animal, 
seems at first to have no external cause. 

PUurobraeMa. {Pkurobrackia rhododactyla Ao.) 
Among the most graceful and attractive of these animals are 
the Pleurobrachia (Fig. 29), and, though not first in order, we 
will gire it the precedence in our description, because it* wfll 
serve to illustrate some features of the other two groups. The 
body of the Pleurobrachia consists of a transparent sphere, vary- 
ing, however, from the perfect sphere in being somewhat ob- 
long, and also by a slight compression on two opposite sides 
(Figs. 27 and 28), so as to render its horizontal diameter longer 
in one direction than in the other (Fig, 30). Big. 37. 

This divergence from the globular form, so slight 
in Pleurobrachia as to be hardly perceptible to 
the casual observer, establishing two diameters of 
different lengths at right angles with each other, 
is equally true of the other genera. It is inter- 
esting and important, as showing the tendency in 

IJg, a;. PleurobraclilaEestiatriKhtaDgLea to the piane In TbichUielEQUcles ire placed. {Agastix.) 
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this Iiighest group of Acalephs to assume a bi- 
lateral character. This hilateraUty becomes still 
more marked in tlie highest class of Eadiates, the 
Eclihioderms. Sirch structural tendencies in the 
lower animals, hinting at laws to be more fully 
developed in the higher forms, are always signifi 
cant, as showing the intiroate relation between all 
parts of tlie plan of creation. This inequality of 
the diameters is connected with the disposition of parts in tlie 
whole 5truct\iro, the locomotive fringes and the vertical tubes 
connected with them being arranged in sets of four on either side 
of a plane passing tlu-ough the longer diameter, showing thus a 
tendency toward the establishment of a right and left side of the 
body, instead of the perfectly equal disposition of parts around a 
common centre, as m the lower Radiates. 

The Pleurobrachia are so transparent, that, with some preparar 
tory explanation of their structure, the most unscieutifle observer 
may trace the relation of parte in them. At one end of the sphere 
is the transverse split (Mg. 27), that serves them as a moxrth ; at 
the opposite pole is a small circumscribed area, in the centre 
of ■which is a dark eye-speck. The eight rows of locomotive 
fringes run from pole to pole, dividing the whole surface of the 
body hke tlie ribs on a melon. (Pigs, 27, 28.) Hanging from 
either side of the body, a little above the area in which the eye- 
speck is placed, are two most extraordinary appendages in the 
shape of long tentacles, possessing such -wonderful power of os 
tension and contraction that, while at one moment they may hi 
knotted into a little compact mass no bigger than a pin's head, 
drawn up close against the side of the body, or hidden within it, 
the next instant they may be floating behind it ui various posi- 
tions to a distance of half a yard and more, putting out at the 
same time soft plumy fruiges (Fig. 29) along one side, hke the 
beai'd of a feather. One wlio has never seen tliese animals may 
well be pardoned for doubting even the most literal and matter- 
of-fkct account of these singular tentacles. There is no variety 
of curve or spiral that does not seem to bo represented in their 
evolutions. Sometimes they unfold gradually, creeping out softly 

rig. 2B. Pleurobrachia seen in p!ane gf tauindeB. (Jgassii.) 
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and slowly fiom a state, of contraction, or aj^aiii the liltlo ball, 
hardly perccjtliblo against tho side of the body, drops suddenly 
to tho bottom of 
the tAiiic ill which 
tho animal is float- 
ing, and ono thinks 
for a 311 omen t, so 
slight is tho throad- 
liko attachment, 
that it has actual- 
ly fallen from tho 
body; but watch a 
little longer, and 
all tho filaments 
spread out along 
tho side of tho 
thread, it expands 
to its full length 
and breadth, and roHiimcs all ifs gianlnl i vuliuutn, 

Ono word of the internal structure of tbesi? animtils, to ovplain 
its relation to the external appendages. The mouth opens into a 
wide digestive cavity (li'igs, 27, 28), enclosed between two verti- 
cal tubes. Toward tho opposite ond of the Iwdy these tubes 
torminato or unito in a single fimnel-likc canal, which is a lesor- 
voir as it wem for tho cii-eiilatiJig JUiid poured into ii through an 
opening in the bottom of tho digestive cavity. Tho food in the 
digestive cavity becomes liquefied by mingling with tho water 
entering with it at the mouth, and, tluis prepared, it passes into 
this canal, from wJiicli, as wo shall prcHontiy see, all tho circulat- 
ing tubes ramifying throughout tho body are fort. Two of these 
circulating tubes, or, as they are called from tho nature of tho 
liquid they contain, chymiferous tubes, aro very largo, starting 
horizontally and at right angles with tlio digoslivo cavity from 
the point of junction between the vertical tubes (Fig. 80) and 
the cajial. Presently they give o!T two branches, these again 
ramifying in two directions as tliey approacli tho poripheiy, so 
that each one of the first main lubes has multiplied to four, 
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bofore its raiiuricmtions reach tlio surface, tlms making in all 
eight radiating lubes. So far, thoso 
eight tubes aro horiKontal, all divorging 
nil the same level; but as they reiich 
ibc })C'iiphory each one gives rise to 
I u'l ileal tube, nmiting along the sHr- 
i 1 I' of the body from polo to ])o1g, just 
" ntiiii the rows of locomotive fringes 
i! iliii outov surface, and iiniucdiatcly 
. "tiiu'clod with thcm(J?iga. 27,28). As 
III .ill the CtciLoiihorajjthcsefdngoakccp 
ai- by tboir r<tpid \ ibrations, T» I'louro- 
bracliia tlie provailiug tint is a yoUowiBh pink, though it varies to 
gi-eeu, rod, and purplo, with the uliaugiug luotione of tho animal. 
We havo seen that tlio vertical tubes hotweon whicli tho digostivo 
cavity is enclosed, start like the cavity itfielf from that pole of tho 
body ivlieii) tho month is placed, and that, as tlioy a])]i"-oach tho 
opposite pole, ata distance iVom tlio mouth of about two thirds 
tlie whole length of the body, they unite in tho canal, which tlion 
extends to tho other polo ^I'liere the eye-speck is placed. As it is 
just at this point of juncture between tlio tubes and tho canal 
that the two main liorizontal tubes ariso from 'H'lncli all tho 
others branch on tho same plane (l''igs. 27, 28), it follows 
that they reach the periphery, not on a lovol with tho polo op- 
posite tho month, but removed from it by about one third the 
height of the body. In consequence of this tho eight vertical 
tubes arising fVom the honzontal ones, ii\ order to run tho entire 
length of the body from polo to pole, extend in opposite direc- 
tions, sending a branch to each pole, though tho bi'onch running 
toward tho moutli is of course the longer of tho 'two. Tho tonta- 
dea have their roots in two sacs within tho body, placed at right 
angles with the split of the mouth. (Figs, 87, 30.) They open 
at tho surface on the opposite side from tlic mouth, though not 
immediately within the area at which the eye-speck is placed, 
but somewhat abovo it, and at a little distance on either side of it. 
Tho tentacles may bo "drawn complotoly within these sacs, ov bo 
oxtoiided outside, as ivc have scon, to a greater or less dogreo, and 
in every variety of eurvo or spiral. 
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Solinct. {Bolina alaia Ag.) 

The Bolina (Fig 32), like the Pleurobrachia, is slightly oval iu 
form, with a longitudinal split at one end of the body, forming a 
mouth which opens into a capacious aac or digestive cavity, 
But it differs from tlie PleurobracMa in having the oral end of 
tho body split into two larger lobes (Kg. 31), hanging down 
from the mouth. These lobes may gape ^^j, ^^ 

widely, or they may close completely 
over the mouth so as to hide it from 
view, and their different aspects under 
various degrees of expansion or contrac- 
tion account for the discrepancies in the 
description of these animals. We have 
seen that the Pleurobrachia moves 
with the mouth upward ; but the Bo- 
lina, on the contrary, usually carries 
the mouth downward, though it occasionally reverses its position, 
and in this attitude, with the lobes spread open, it is exceedingly 
graceful in form, and looks lite a white flower with the crown 
fully expanded. These broad lobes are balanced on the other 
sides of the body by four smaller appendages, divided in pairs, 
two on each side (Fig. 32), called aiiriclos. These so-called 
auricles are in fact organs of the same kind j.^^^ ^^ 

as the larger lobes, though less developed. 
The rows of locomotive flappers on the Bo- 
lina differ in length from each other (Fig. 
31), instead of being equal, as in tho Pleu- 
robrachia. The four longest ones are op- 
posite each other on those sides of tlie body 
where the larger lobes are developed, tho 
fonr short ones being in pairs on tlie sides 
■where the auricles are placed. At first sight 
they all seem to terminate at the margin of the body, but a closer 




aainPig.ai. (,Aga.'!i 
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examination shows that the circulating tuhes connected with the 
longer row extend into the lohes, where they wind about in a 
variety of complicated involutions, (Fig. 32.) The movements 
of the Bolina are more sluggish than those of the Pleurohrachia, 
and the long tentacles, so graceful an ornament to the latter, are 
wanting in tho former. With these exceptions the description 
given above of the Plexirobrachia will serve equally well for the 
Bolina. The structure is the same in all essential points, though 
it differs in the size and proportion of certain external features, 
and its play of color is less brilliant than that of the Pleuro- 
hrachia. The Bolina, with its slow, undulating motion, its broad 
lobes sometimes spreading widely, at other times folded over the 
mouth, its delicacy of tint and texture, and its rows of vibrating 
fringes along the surface, is nevertheless a very beautiful object, 
and well rewards the extreme care without which it dies at once 
in confinement. 

Idyia. (Idyia roseola Ag.) 

The lowest gernis of CtenophorEe found on our coast, the Idyia 
(Fig. 33), has neither the tentacles of the Pleurohrachia, nor the 
lobes of the Bolina. It is a simple ovate sphere, the interior of 
which is almost entirely occupied by an immense digestive cavity. 
It would seem that the reception and digestion of food is intended 
r 1 3S. *•* ^® ^^^ almost exclusive function of this 

^nunal, foi it has a mouth whose ample di- 
mensions correspond witli its capacious stom- 
ach Instead of the longitudinal spht serving 
as a mouth, in the Bolina and Pleurohrachia, 
one end of the body in the Idyia is completely 
oppn (Pig 33), so tliat occasionally some un- 
suspicioxis victim of smaller diameter than 
it«elf mav be seen to swim into this wide por- 
tal, when suddenly tho door closes behind him 
with a quick contiaction, and he finds himself a prisoner. The 
Idyia does not always obtain its food after this indolent fashion 
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howeyer, for it often attacks a Bolina or Pleurobrachia as large 
or even larger than itself, when it extends its mouth to the ut- 
most, slovrlj OTerlapping the prey it is trying to swallow by fre- 
quent and repeated contractions, and even cutting off by the 
same process sueb portions as cannot be forced into the digestive 
cavity. 

The general internal structure of the Idyia corresponds with 
that of the Bolina and Pleurobrachia ; it has the same tubes 
brandling horizontally from the main cavity, then ramifying as 
thoy approach the periphery till they are multiplied to eight in 
all, each of which gives off one of the vertical tubes connected 
■with the eight rows of locomotive flappers. Opposite the mouth 
is the eye-speck, placed as in the two other genera, at the centre 
of a small circumscribed area, which in the Idyia is surrounded 
by delicate fringes, forming a rosette at tliis end of the body. 
These animals are escecdingly brilUant in color ; bright pink is 
their prevailing hue, though pink, red, yellow, orange, green, 
and purple, sometimes chase each other in quick succession along 
their locomotive fringes. At certain seasons, when most numer- 
ous, they even give a rosy tinge to patches on the surface of the 
sea. Their color is brightest and deepest before the spawning 
season, but as this advances, and the ovaries and spermaries are 
emptied, they grow paler, retaining at last only a faint pink tint. 
They appear early in July, rapidly attain their maximum size, 
and are most numerous during the first half of August, Toward 
the end of August tliey spawn, and the adults are usually de- 
stroyed by the early September storms, the young disappearing 
at the same time, not to be seen again till the next summer. It 
is an interesting question, not yet solved, to know what becomes 
of the summer's brood in the following winter. They probably 
sink into deep waters during this intervening period. The Idyia, 
like the Pleurobrachia, moves with the mouth upward, but ia- 
clined slightly forward also, so as to give an oblique direction to 
the axis of the body.* 



* Until this summer only the three geaern of Ctenophoris above n 
supposed to exist along our coast, but during the present season I have Lad the good 
fortune to And two additional ones. One of tbcm, ibo Lseueuria, resembles a Bolina 
with the long lobes so cut off, that thej have a very stunted nppKavance in compavi- 
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EMBRYOLOGY OF CTENOPHORiE. 

Ail the Ctenophoraa are reproduced from eggs, these eggs 
being so transparent that one may follow with comparative ease 
the changes undergone by the young while still within the egg 
envelope. Unfortunately, however, they are so dehcate that it is 
impossible to keep them alive for any length of time, oven by 
supplying tliem constantly with fresh sea^-water, and keeping 
them continually in motion, both of which are essential conditions 
to their existence. It is therefore only from eggs accidentally 
fished up at different stages of gi-owth that we may hope to ascer- 
tain any facts respccthig the sequence of their development. 
When hatched, the little Ctenophore is already quite advanced. 
It is small when compared with the size of the egg envelope, and 
long before it is set free, it swims about with great velocity witb- 
in the walls of its diminutive prison (Mg. 35). The importance 
of studying the young stages of animals can hardly find a better 
illustration than among the Ctenophorse. Before their extraor- 
dinary embryonic changes were understood, many of the younger 
forms had found their way into our scientific annals as distinct 
animals, and our nomenclature thus became burdened with 
long hsts of names which will disappear as our knowledge ad- 
vances. 

The great size of their locomotive flappers in proportion to the 
rest of tlie body, is characteristic of the young Ctenophor^. 
They seem like large paddles on the sides of these tiny trans- 
parent spheres, and, owing to their great power as compared with 
those of the adult, the young move with extraordinary rapidity. 
Tlie Pleurobrachia alone retains its quickness of motion in after 
life, and although its long graceful streamers appear only as short 
stumpy tentacles in the young (Fig. 34), yet its active little body 
would be more easily recognized in the earlier stages of growth 

Eon with those of iha Bolina. Tho other, iJie Merlensia, is closely allied to Pleoro- 
bracMa; it is exceedingly flattcaed and pear-shaped. This species waa discovered 
long ago by IFabricius, bnt had escaped thus far the attention of other naturalists. 
{A. Agasaix.) 
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tlmn tliat of tlio other Ctcnophora). Wi^e. 34, 35, and 86 show 
the Pleiirobraehia at varioiiB stages of {jrowth ; Mg. 84, with its 
thick Btuiitc<l tontaclcs and sihort rows of flappers, is tho youngest; 
tho aappeis tlicmst-het. -lu rather ioiig at this age, looking mom 
like 4111 Iwii-. l\nn lil (. (he miimto fringes of tho adnlt. In 1%. 





35 tho tentacles are ah'cady considerably longer and mora doli- 
eate ; in Fig. 8(i tho vertical tuhcs arc already completed, while 
Figs. 37-29 present it in its adult condition. 

Tlie Idyia differs greatly in appeavanco at diObrcnt periods of 





its dovelopmi nt, md, uidccd, no one would suspect, ivitliout somo 
previous knowledge of its li lusformations, that tho young Idyia, 

f gg i ( (oiilaeles, ( eife-spsck, e c ec«< of locoinclWe flflii. 
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ivitli ib rapid gyrittions, its eliort ambulaeval tiibos, hkc ininicnso 
jjovichoH (i''ig. 37), its ki'go pigment spots scattcied o\oi tho sui 
lace (l''ig. 38), was an earlier stage of tliorosy Imcd Td)ia, winoh 
giides through the water with a scarcely jjoiLoptiblo motion 

v.-. 3s. -eig S3 





Figs. IJ I - 10 11 pH ( lit th( \ u irm^ st iges of its growth. It will 
be Kocii ]io\\ \Li) shoit iiL the locomotive fringes (Fig. 39) iu 
compan iiii Mith tlio-iO of fSio tall {,i own ones (Pig. 33). It is 
oiilj in the adult Idyia that these rows 
iltint tlioir full height, and tho tnbos, 
1 iinilying throughout tho body (Mg. 
10) uo(Oinplcted. 

Ihf Rolina, iu its eavly condition, 
I uc lUi. tho young Plouiobrachia. 
\.t ttm period it has tho sivroo rapid 
1 lotion and wlion somewhat inoro 
uh uiccd long tcutaclos, resembling 
l)ios< ol tho Plourobraehia, mako 
111 n ippcaranco (Fig. 41) ; It is only 
U 1 htei period that tho tentacles 
1) Loiiic contracted, while tho largo 
lob s (lig. 42), so characteristic of 
IJoliiit, nio foimi i bj the tloufition of the oral cjid of tho 
body, the tuiiUcs bocominf moio conspicuous at tho same 
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time (li'ig. 43). A litilii later tlio lobes oiilargc, tlio i.iovoincnts 
bccoiuo mom lazy ; ifcasssumcs botli in ibnn amlliabits thu char- 
acter of tho adult Boliim. 
Tho KorioK of chaiigos Ihrovigli which the Ctenophora) iKiss 




are as roraarkablo as any wo shall liavo occasion to describe, 
though not accoinpanied with such aboolutoly dilTorcnt con- 
ditions of oxiytonco. The comparison of the earlier stages of 
lifo ill these animals with their adult condition m iniportarit, 
not only witli rofercnco io their mode of dovoiopment, but also 
bceauso it gives iis somo insight into the relative standing of the 
different groups, since it shows us that certain fcatui'cs, pennar 
3(ont in the lower groups, ai-o transient in tho liighor ones. A 
striking instance of this occurs in tho fact mcntiaacd above, tiiat 
though tlio long tentacles ko characteristic of the adult Pleiiix>- 
bra^hia exist in the young Bolina, thoy yield in iiniwrtanco at 
a latov period to the lobes which eventualiy become the pre- 
dominant and cbiiractcriKtie feature of the latter. 



DiSOOi'UO'RM. 

Tub disk of the Di.'icoplioraj is by no means so delicate as that 
of (ho other Jclly-fislics. It seems indeed quite solid, and somc- 
wliat like cartilage to the touch, and yet so largo a part of its 
hulk consists of water, that a Oyanoa, weighing when alive about 
thirty-four pounds, being left to dry iu tho sun for some days, was 

mn. 4i. YDung lloHuR In Biass nsDiubllng ^cuicbM^hlB i gcfeO; magiiilli?.:. 

Fig, 42. Vkihb BoliES seenftoni (he broad etde, with tadiniculair aiirfcli's «!nl totwsi KmBi.me.1, 

»(g. 43. Tfca uoio aa Big- «, (ten Iroia iha namw sttlc, 
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found to have lost about ^^^ of its original weight, — only the 
merest film remaining on the paper upon which, it had been laid. 
The prominence of the disk in this gi-oup of Jelly-Iishes is well 
characterized by their German name, " Scheiben quallen," viz. 
disk-medusEe, We shall see hereafter that the disk, so large and 
seemingly sohd in the Discophoraj, thins out iu many of the other 
Jelly-fishes, and becomes exceedingly concave. This is especially 
the case in many of the Hydroid Medusse, where it assumes a 
faell-shaped form, and is constantly spoken of as the bell. It 
should be remembered, however, in reading descriptions of these 
animals, that the so-ealled bell is only a modified disk, and per- 
fectly homologous with that organ in the Discophorie. 

The Discophorous Medusai are distinguished from aE others by 
the peculiar nature of the reproductive organs. They axe con- 
tained in pouches (Mg, 50, 0,0,0,0), the contents of which are 
first discharged into the main cavity, and then p^s out through 
the mouth. Pillars support the four angles of the digestive 
cavity, thus separating the lower from the upper floor of the disk, 
while the chymiferous tnbes (Fig. 50) branch and run into 
each other near the periphery, forming a more or less compli- 
cated anastomosing network, instead of a simple circular tube, as 
is the case with the Hydroid Medusfc. (Fig. 74.) 

Cyanea. {Cyanea arctica E6r. et Le8.) 

In our descriptions of the Discophorai, we may give the pre- 
cedence to the Cyanea on account of its size. This giant among 
Jelly-fishes is represented in Fig. 44. It is much to be regretted 
that these animals, when they are not so small as to escape atten- 
tion altogether, are usually seen out of their native element, 
thrown dead or dying on the shore, a mass of decaying gelatinous 
matter. All persons who have lived near the sea are familiar 
witli the so-called Sea-blubbers, sometimes strewing the sandy 
beaches after the autumn storms in such numbers that it is diffi.- 
eult to avoid them in walking or driving. In such a condition 
the Cyanea is far from being an attractive object ; to form an 
idea of his ti'ue appearance, one must meet him as he swims 
along at midday, rather lazily withal, his huge semi-transparent 
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disk, with its flexible lobed margin, glittering in the sun, and his 
tentacles floating to a distance of many yards behind him. En- 
countering one of those huge Jelly-fishes, when out in a row- 
boat one day, we attempted to make a rough measurement of his 
dimensions upon the spot. He was lying quietly near the sur- 
face, and did not seem in the least disturbed by the proceeding, 
but allowed the oar, eight feet in length, to be laid across the 
disk, which proved to be about seven feet in diameter. Backing 
the boat slowly along tho line of the tentacles, which were float- 
ing at their utmost extension behind him, we then measured 
these in the same manner, and found them to be rather more 
than fourteen times the length of the oar, thus covering a space 
of some hundred and twelve feet. This sounds so marvellous 
that it may be taken as an exaggeration ; but though such an 
estimate could not of coiixse be abeolntely accurate, yet the facts 
are rather understated than overstated in the dimensions here 
given. And, indeed, the observation was more careful and pre- 
cise than the circumstances would lead one to suppose, for the 
creature lay as quietly, whilo his measure was taken, as if he had 
intended to give every facility for the operation. This specimen 
was, however, of unusual size ; they more commonly measure 
from three to five feet across the disk, while the tentacles may 
be thirty or forty feet long. The tentacles are exceedingly 
numerous (see Kg. 44), arising in eight distinct bunches, from 
the margin of the disk, and hanging down in a complete laby- 
rinth. 

These animals are not so harmless as it would seem, from 
their soft, gelatinous consistency ; it is no pleasant thing when 
swimming or bathing to become entangled in this forest of fine 
feelers, for they have a stinging property like nettles, and may 
render a person almost insensible, partly from pain, and partly 
from a numbness produced by their contact, before he is able to 
free himself from the network in which he is caught. The 
weapons by which they produce these results seem so insignifi- 
cant, that one cannot but wonder at their power. The tentacles 
are covered by minute cells, lasso-cells as they are called, (simi- 
lar to those of Astrangia, Pig. 19,) each one of which contains 
a whip finer than the finest thread, cofled in a spiral within it. 
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Tliese myriad whips can be tlirown out at tlie will of the animal, 
and really form an efficient galvanic battery. Behind tlie veil 
of tentacles, and partly hidden by it, four curtains, with lobed or 
ruffled margins, dimly seen in Fig. 44, hang down from the un- 
der surface of the disk. The ovai-ies are formed by four pendent 
pouches, placed near tlie sides of the mouth, and attached to four 
cayities within the disk. Around the circumference of the disk 
are eight eye-specks, each formed by a small tube protected nn- 
der a little lappet or hood rising from the npper surface of the 
disk. The prevailing color of this huge Jelly-fish is a dark 
brownish-red, with a light, milk-white margin, tinged with blue, 
the tentacles and other pendent appendages having a some- 
what different hue from the disk. The ovaries are flesh-col- 
ored, the curtain formed by the expansion of the lobes of the 
m.outh is dark brown, while the tentacles are of different colors, 
some being yellow, others purple, and others reddish brown or 
pink. 

Strange to say, this gigantic Discopliore is produced by a Hy- 
droid measuring not more thm half an inch in height when full 
grown ; could we follow the Instoiy of any egg laid by one of 
these Discophora; in the autumn, and this has indeed been par- 





tially done, wo should see that, like any other planula, the young 
hatched from the egg is at fiist spherical, but presently becomes 
pear-sbaped, and attaches itself to the ground. From the upper 
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end tentacles project (see Mg. 45), growing more numerous, as 
in Pig. 46, though they neyer exceed sixteen in numher. As it 
increases in height constrictions take place at different distances 
along its length, every such constriction heing lohed around its 
margin, till at last ifc looks like a pile of scalloped saucers or 
disks strung together (see Fig. 47). The topmost of these disks 
Eig. 48. falls off and dies ; but all the others separate 

by the deepening of the constrictions, and 
swim off as little free disks (Pig. 48), which 
eventually grow into the enormous Jelly-fish 
described above. These three phases of growth, 
before the relation between tliem was under- 
stood, have been mistaken for distinct animals, 
ribed as such under the names of ScypMstoma, Strobila, 
and Ephyra, 




ia. (^Aurelia flavidwla P£k. et Les.) 

Another large Discophore, though by no means to be compared 
to the Cyanea in size, is our common Aurelia (Figs. 49, 50) 
Its bluish-white disk measures from twelve to fifteen inches in 
diameter, but its dimensions are not increased by the tentacles, 
which have no great power of contraction and expansion, and 
form a short fringe around its margin, widening and narrowing 
pjg jj^ shghtly as the tentacles 

are stretched or drawn 
ill. It is quite trans- 
parent, as may be seen 
in Fig 49, where all the 
due ramifications of the 
chymiforous tubes, as 
well as the ovaries, are 
seen through the vault of the disk. Fig. 50 represents the upper 
surface, with the ovaries around the mouth, occupying the same 
position as those of the Cyanea, though they differ from the latter 
in their greater rigidity, and do not liang down in the form of 
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pouches. The males and females in this kiud of Jelly-iish may 
he distinguished by the difference of color in the reproductive 
organs, which are rose-colored in the males, and of a dull yellow 
in the females. The process of development is exactly the same 
in the Aureha as in tlie Oyanea, though there is a very slight 
difference in their respective Hydroida. They are, however, so 
much aliito, that one is here made to serve for hoth, the above 
figures being tikun fiom thi- Hydioid of the Aurelia. It is 
curious, that while, a-i m the cxsc of tiie Auiehi and Cyanea, 
very dissimilii Telly fishes may uim fiom ilmo^t identical Hy- 




droid v.e have the lever e of the proposition, m the fact tint 
Hydioid ot an entuely di^tmct character may pioduue similai 
Jelly fi hes 

The embryos or little plinul^e hatched from the Oyanea and 
Aurelia m the fall seem to be gregirious m their mode of life, 
swimming about togethe 1 1 greit numbers till tliey find a snit^ 
able point of att^chment and a um their fixed Hydroid exists 
ence The Cyaneie ho^orei when aiult, are usually found 
singly while the Aurchje on the contiaiy, sock each other, and 
commonly herd to^ thei 
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Thu C'umpancMa. (^Cumpmelh pachi/ilerma A. Ao.) 

Tho Oampanella (I'ig. 51) is a pretty little Jolly-fish, i\ot 

!''•« ■ 61- larger tJiaii a pin's head, 

reproduced directly from 
eggs, without passing 
tlirougli tho Hydroid 
stage. During its oarly 
stages of growth it prob- 
ably remains attached to 
floating animals, thus 
leading a kind of paia^ 
sitic existence ; but as 
its habits are not accu- 
rately known, this cannot 
bo OBsei'tod m a constant 
fact respecting them. 
Tho veil ia this Jelly- 
fish is very largo, form- 
ing pendent pouches 
hanging from tlio cir- 
cular canal (see l''ig. 
61), and leaving but 
just room enough for 
the passage of tho pro- 
boscis between tlic folds. 
It may not be amiss to 
introduce heie a gonoral 
account of this organ, 
wliich occurs in many 
of tbo Medusa), though 
it has very differeut pi-o- 
portions " i- * ■' . .s kinds. It is a delicate inembraiio, hang- 
ing from the circular tube, so as partially to close tho mouth of 
tho hell, leaving a larger or smaller opening for tho pasKaga 
of the water, whieli is taken in and forced out again by tho altei*- 
nato cspausions and conti'actions of tho ball. 

t'fg.tl. Caiopanells «A 
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Tliero arc ]iut four cliyfiuferous tubes in the Oampiiiiona, 
and four still" tentacles, Ai-liich in consequence of the pecu- 
liar character of tlie veil appear, whoii tho animal is seen in 
profile, to start from tho middle of tlio disk. Tlio ovarioa con- 
sist of eight poudies, placed near the point of junction of the four 
eliymiferons tubes. (Fig. 52.) Tiiis little Medusa is of a dark 
yellowish color with brownisli ocellated s])ots, scattered profusely 
over the upper part of the disk. 



Circe. (^TraKhjmmu dk/Uule A. Ao.) 

Among the Jclly-fislies, th' •■ 

doubtful, is the Girco (E'ig. ' 

from tho ordinary Jcliy- 

iishcs. As may bo aooti 

in Figure 5S, tho bell 

forms hut a small por- 
tion of tlio animal ; it rises 

in a sharp eouo on (he 

summit, thinning out at 

tho lower edgo, to fouii 

t!io large cavity in wliii:li 

hangs tho long proboscis 

and the eight ovaries, four 
of which may bo seen in 
Fig. 53 crowded witli e;i:;'s. 
Tho Girco diflPors in con 
sistency, aswellas iul'onn, 
from othei" Jelly-fishes. It 
is hai-d and horny to the 
touch, and the veil, Tisu- 
ally so light and (ilmy, is 
hero a thick folded membrane, which at evei-y stroke of the ani- 
mal forces tho water in and out of tho cavity. It is very active, 
moving by powerful jerks, each ono of which throws it far on its 
way. It advanoos usually in straight lines ; or, if it wishes to 
change its direction, it drives tho water out of the veil suddenly 
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on one sido or tlio otliisr, so as to shoot off, somotiinoH at right 
angles with its former path. Four largo pcdnnoulatod oycs, liiii- 
den in tho figuro by tho tontaolcs, stand out proiuinontlj front the 
oiroular tube. When tlio animal is in motion, tho tontacles are 
carried closely curled around tho edge of tlio disk, as in l''ig. 
63, whoro tho Circo is represented under a magnifying power 
of two and a half diametora. This Jolly-fish is of a delicate rose 
color, tho tontaeles assuming, howovov, a dark-purplo tint at 
their extremities %vhcn conti'iietcd. 



jAicei-naria. {/MidyMtisawicida Oi-akk.) 

Ono of tho prettiest and most graceful, as well as oiio of tho 
most comraoii of our Jijlly-IiHlios, is tho Lucoruaria (Fig. S4), It 
Pij 5j has such an extraordinary con- 

tractiiity of all its parts, that it is 
not easy to doscribo it ■under any 
definite form or position, since 
both aro constantly changing ; 
hut perhaps of all its various at- 
titudes and outlines none Kre 
moro normal to it than those 
given in Pig. H4. It frequently 
raises itself in the upright po- 
sition rcprffiiented hero hy tho 
individual highest on the stem, 
spreading itself in tho form of a 
parfeetly symmetrieal oop or vase, 
tho margin of which is^indentecl by a suecossion of inverted scal- 
lops, tlio point of juncUou between every two scallops being 
CTOwnod by a tuft of tentacles. But ivatcli It for a while, and 
the sides of this vaso tuni backwai-d, spreading completely open, 
till they present tho whole inner surface, with tho edges even 
curved a little downward, drooping slightly, and the proboscis 
rising in the contro. In sucli an attitude one may traco with 
ease tlio shape of the mouth, the lobes surrounding it, as well e^ 
the tubes and cavities radiating from it toward tho margin. A 
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tOTicli is, however, sufliciont to make it close upon itself, slirink- 
ing together in the attitude of the third individual in Pig. 54, or 
even drawing its tentacles completely in, and contracting all its 
parts till it looks like a Httlo ball hanging on the stem. These 
are hut a ffew of its manifold cliangeB, for it may ho seen in ovovy 
phase of expansion and contraction. Let uh now loolc for a jno- 
ment at the details of its structure. The resemblance to a cup or 
Taso, as in the upper figure of the wood-cut (Fig, 54), is decep- 
tive ; for a vase is hollow, whereas the Iiucernaria, though bo deli- 
cate and transparent that its iippoi- snrfaee, when thus Btrotohed, 
Bcoms like a mere film, is jieverthcless a Holid golathious mass, 
traversed by certain cliaiinols, cavities, and partitions, hut other- 
wise continuous throughout. The peduncle by which it^ is at- 
tached is but an extension of the floor of a gelatinous disk, coi^ 
responding to that of any Jelly-fish. Four tubes pass through fee 
ivliole length of this peduncle, and open into four ohambera, 
dividing the digostivo cavity above into as many equal spaces. 
(li'ig. 56.) These spaces are j,,^, ^^_ 

produced by folds iji the up- 
per floor oi" the disk, uniting 
it to tho lower floor at giv- 
en distances, and forming so 
many partition-walla, dividiuji; 
tho digestive sac into four liiK 
tinot cavities. Those lines of 
juncture between tho two 
floors, where the partitions oc- 
cur, produce the four radiafr 
ing lines, running from the 
proboscis to tlio margin of the 
disk, on the upper surface. (B'ig. 55.) TiiC triaTigular figures, 
running frara tlie mouth to each chisfor of tentacles, are pro- 
diiced by the ovaries, which consist of distinct pouches or bags 
attached to tlio upper surface of tho disk, and hanging down into 
tho cavitiea below ; every little dot within those triangular spaces 
represents such a bag. Each hag is crowded with eggs, which 
drap into the digostivo cavity at the spawning season, and are 
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passed out at the mouth. Tho tcnfetcles always grow in clus- 
ters, but aro iioycrtholess arranged according to a rogulai' order. 
Tiicy are chib-shapcd at their extremities, but aro liollow 
tliroughout, opening into tlio ehambers of tho digestive Mvlty, 
tivo of the clusters thus being connected witli each eliainbor. 
Tliieir eliief oftice seems to be to catch tho food and convey it to 
the moxitli, thougli they may also bo used as a kind of suckers, 
aud tho aninuil not uufrcquently attaches itself by means of thCfiO 
appendages. ISet^vceu every two clustors of tentacles will bo ob- 
served a short, single appendage, of an entirely different appear- 
ance. Tlicso aro the so-called auricles, and though so unlike 
tentacles in the aduH animal, when in thoir oarlior stages (Fig. 
66) thoy rcsoniblc cacti otlior closely, Hut as tlioir development 
goes on, tho tentacles stretch out into longer, 
jriorc delicate flexible organs, ■\vhilc the atiri- 
cles remain short and compact throughout 
life, Tliey contain a sHglit pigment upot 
representing an eye, though liow far it serves 
the purpose of vision remains doubtful. 
'i'licy aro ehieJIy used by tho animal as a 
means of adhering to any suriaeo upon which 
it may wish to fasten itself; Ibr the Ijucoi"- 
naria, though \isuaUy found attached to eel-grass in shoal water, 
lias the power of independent motion, and fraqucntly seim'atos 
from its resting-place, floating about freely in tho water for a whilo, 
or attaching itself auow by moans of tho amides and tentacles 
upon some other object. Tito color of this pratty Acaloph varies 
from a greenish huo to green, witli a faint tinge of rod, or to a 
reddish brown. Ono of its commonest and most exqtiisito tints is 
that of a pale aqua-marJno. It may bo fonnd along our fihoros 
wlierever the eel-grass grows, and as far out as tliis ])]ant extonds. 
It tlirives admirably in eonfiuemciif., and for ttiis reason is espe- 
cially adapted to tho aquarium. 
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HYDEOIDS. 

UxDBB this order, tte general character of which has already 
been explained in the introductory chapter on Acalephs, are in- 
cluded a number of groups which, whether as Hydroid commu- 
nities in their earlier phases of existence, or as free swimming 
Medusae in their farther development, challenge our admiration, 
both for their beauty of form and color, and their grace of motion. 
Some of them are so minute that they escape the observation of 
all but those who are laboriously seeking for the hidden treas- 
ures of the microscopic world, but the greater number are large 
enough to be readily found by the most inexperienced collector, 
when his attention is once drawn to tliem ; and he may easily 
stock bis aquarium with these pretty little communities, and 
even trace the development of the Jelly-fishes upon tliem. 

To the Hydroids belong the Campanularians, the Sertularians, 
and tlie Tubularians, Some examples of each, as represented on 
our shores, will be found under their different heads, accompar 
nied with full descriptions. There is another group usually con- 
sidered as distinct from Hydroids, and known as a separate order 
among Acalephs, under the name of Siphonophorse, but included 
with them here in accordance with the views of Vogt, Agassiz, 
and others, in whose opinion they differ from tlie ordinary Hy- 
droid communities only in being free and floating, instead of 
fixed to the ground. Some new facts, pubhshed here for the 
first time, tend to sustain the accuracy of this classification.* 
With tlieso few prelimuiary remarks to show the connection of 
the order, let us now look at some of the animals belonging to it 
more in detail. 

Campanularians . 

All the Campanularians, of ^/hich Oceania (Fig. 68), Clytia 

(Fig. 73), and Eucope (Fig. 61) form a part, belong among 

those little shrub-like communities of animals called Hydroids, 

• See Chapter on Nanomia. 
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from wliich most of om Jtlly fishes aro developed, TJioy diftor 
in one essential feitaie fioin the IVInilaiians. (I'^ig. 93.) 1'ho 
whole sUsm, fiom aiinmut to bise, is enveloped in a horny sheath, 
cxteiidhig eiound both the futile and stcrtio individuals of tho 
eoininuuity, and foimiug a network at tho base of tho stem, 
whicli sencs \b a kind of foundation for tho whole stock. To 
the naked ejc such a community looks like a tiny shrub (see 
It'ig. 57), flith tho bi-ant-hch growing; in regular alternation on 
eitlier side of the htomf The leproducUve calyclcs, i. o. tlio jpro- 
tocting euvolo}ps covi-iin the young Modus©, usually ai'iao in 
tlio angles of the biinUios formed by a pmlougation of tJio 
sheath. Iheso calyclcs ot bells, as thoy are called, assmno a 
great ranet) of shapes, — dhptical, round, peav-ahaped, or ringed 
like tlio Olytia. (JHg. 72.) In one saoli bcU thoi-o may bo no 
less ttian twenty or thirty Med\is3> developed one bcloiv tho 
other; when ready to hatch, tho calyolo bursts and alloivs them 
to escape, 

-Ntlcope. (tSucope diaphami Ao.) 

Jn L''iga. (JO and 61 wo have a representation of our littto 
Kucopo, one of tho prettiest of tho JolSy-fishcs belonging to this 





group; Fig. TiT represents the Hydroid from which it arises; a 
single brancli with tho roproduetive bell being magniriu(i in l.i'ig. 
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58. In Fig, 69 is Kocn a portion of tlic .Jclly-i'tiih disk, with Iho 
friugQ of tontaclcs liiglily magniiied. 'I'lic dhk of the Eiicopo 
(I'ig. 60) looTcB like a shallow bell, of wliicli tho proboscis oftoiv 
seems to form tho handle ; for tlio disk liaw Kuch an cxtraordi- 





iiaiy thinner that it tni'iis inside out wiili the greatest eaKO, so 
that tho inner surfaeo may l)econic at any moment the oiitci' one, 
with tbo proboscis pi-ojecting from it, aa in l''ijf. 60, while tho next 
raovemont of tho animal may rovorso its wJiolc position, and tho 
proboscis then hangs down from tho inmdo, as in other Jelly- 
fishos. (See Mg. 61.) 

Tho tentacles are solid and stiff like Httte hairs, and two of 
them, in each {inavfoi'-KCginent of the disk, have wnall concretions 




at tho '■■ , ■ hieli are no doubt eye-specks. (Seo l'"ig. 62.) 
Along tho chymiforons tnbca littlo swellings are devolopcd, which 
incroaso gradually, and become oithor ovaries or spovntarios, 
according to the sex of tho animal, (Fig. 6B.) In the adult tlio 
genital organs hang down, like elongate<l bags, from the chy- 
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raifcrouB tubes. (Kig. 64.) The totitacios aro iiumoroiis, muUi- 
plying to about a hundrofl and ninety-two in tlio adult, and in- 
creasing according to tho inmicrical law to bo explained in tlio 

dcKcription of the Oceania. 

This little JoHy-fish is one of the most, common in onr Bay, 





Thero is not a nigl>t or day wlicu thoy cannot ho taken in largo 
numbers, from tho early spring till late in tho autumn ; and as 
tho brooding season lasls during tho wliolo of that poriod, they 
■aro found in all )io'.i,iblo stages of growth. In consequence of 
this, tho cour.so of (boir dovelopmoj\t, and tho relation between 
tho different phases of their existence as llydraids, and afterwards 
as Aealcphs, aro well known, though tbo suceossivo stops of thoir 
growth havo not been traced conncctodly, as in some of the other 
Jelly-fishes, the Tima or Moliccrtum, for instance. The process 
is, however, so similar throughout tho elawj of Ilydroids, that, 
haying followed it from beginning to ond in somo of the groups, 
wo haTO tho key to the history of others, whoso development has 
not heon so fully traced. Tlie eg^ kid by tlio Eucoim) in tho 
antiunii develop into planulfe, whieh acqutro their full sIko as 
Hydroid communities toward tho eloso of tho wintop, and tho 
development of tho young Modusai upon them, as described 
above, begins with tho opening spring. 
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Tlia OcoKiiia (&'ig. 68) is feO delicate anti unsubstantial, that 
with tho naked oyo ono percoivcs it only by iho more prominont 
outlines of its Htructure. Wo may see tlio outline of tlie disk, but 
not the disk itself ; ivo may trace the foui' faint thvead-like linos 
produced by tho radiating tubos traversing tiio disk from tlio 
siunmit to the margin ; and we may percGivo, with far more dis- 
tinctness, tiio four ovaries attached to these tubes near their baso ; 
wo may see also tho cireular tubo uniting tho radiating tubos, 
and the tentacles lianging from it, and wo can detect the edge of 
tlio filmy veil that fringes tlvo margin of tlio disk. But tho sub- 
stance connecting all tlieso organs is not to be distinguished from 
the element in which it floats, and tho whole structure looks like 
a slight web of threads in the water, witliout our being ablo io 
discerji by what means tlicy aro hold together. Under tlie mi- 
croscope, however, tho invisible proKontly bccomoa visible, and wo 
find that ttiis Jcily-fisli, like all others, has a solid gelatinous 
disk. 

Let us begin with its earlier condition. AVhen it first escapes 
from tlio parent Hydroid stock, tlio Oceania is almost spherical 
in form. (Sec Mg. 65.) Tho disk is divided by four cliymifcrous 
tubes, ruiuiing from the summit to the margin, wlioro tliey meet 
tho circular tube in which they all luiite. At this time, it haa 
but two well-developed tcntaoliMi, opposite each other on tlio mar 





gin of the disk, just at tho base of two of the cliymifcrous tubes 
(Fig. 66), while two others aro just discernible in a rudimentary 

pig' *5- Vouag Oceanli jusi t!tap*d frora lis fopteduclivf ealyilo i inngiiincil. 
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s[atc, forming Blight projections at tUo baso of tlio two other 
tubes. Fig. 66 gives a view of the animal from l>olo\y, at this 
atage of its growth, whilo Fig. 65 shows it in profilo. It will bo 
seen by the latter how very spherical is tlio outlino of the disk at 
this period, wliile the proboscis, in which aro placed tho mouth 
and digestive cavity, is quite long, and Itanga down coiisidcrahiy 
bolow the lower surface of the disk. As tlio animal advances in 
age tlie dislc loses its spherical outline, and bcGomos much fat- 
tened, as may bo seen in Xf'ig. 07. It may bo well to introduce 
hero some explanation of tlio law ac- 
cording to which tho different sota of 
tentacles follow each other in succes- 
slvo cycles of growth, since it ia a law 
of almost universal application in Jelly- 
fislies and Polyira; and, owing to tho 
smaller number and simpler arrange- 
ment of the tentacles in Oceania, it may bo more easily analyzed 
in them than in Jiiany others, where tho number and com])Ueation 
of tho diffeiont hctsof tcntaelC) make it very difficult to trace 
their relation to 
each otiier dm'- 
ing their sueeossivc 
growth. Wo liavo 
scon that the Oce- 
ania begins life 
with only two ten- 
tacles. These form 
tho first sot, aiYd 
are marked with 
the number 3 in 
tlio subjoined diar 
gram, which gives 
the plan of all tho 
different sets in 
their regular ordor. Tho second sot, marked 2, consists also of 
two, which aro developed at equal distances between the first two, 
i. 0. at right angles with thorn. Tlio third set, however, marked 3, 
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consists of four, as do all tlio succeeding sets, and they are do- 
voloped between tlio first and second. The fourth' sot comos in be- 
tween tlio first and third ; the fiftli between the third and second ; 
the sixth between the first and fourtii ; the KOveiith between tbo 
fifth and second ; tlio eighth between the third and fowrth ; the 
ninth between the fifth and third. 'I'ho ultimate number of ten- 
tacles in the Oceania is thirty-two, or Komctimes thirty-six, and the 
cycles always in twos or nuiltiples of two. But whatever bo the 
jiumticr included in the Huccossivo sets of tojitaclt^, aJid the 
unit for the first set ranges from two to forty-eight, the law in 
different kinds of Jelly-fishes is always tlie same, the youngest 
mt always forming between the oldest preceding set. Thus the 
foivrth set comes in between the first and third, and the fifth be- 
tween the second and third> the intervals occupied Jiow by the 
fourth sot, being limited by the fiist set of tentacles on one side, 
and by the third sot on the other side, while tbo intervals oecu- 
picd by the fiftli sot are bounded by the second and third sets. 

The little spheres represented be- ^ 

twcen the tentacles on the mar- 
gin of the disk, in Figs. 65-67, 
are eye-specks, and these continue 
to increase in number with age ; 
in this the Oceania differs from 
the Eucope, in which it will be 
remembered there wem but two 
eye-specks in each quarter-seg- 
ment of the disk tliroughout 
life. 1%. fi8 represents the adult 
Oceania in full size, when it aver- 
ages from an inch and a half to two 
inclios in diameter. It is slow and languid in its movements, 
coming t« the surface only in the hottest hours of tlio sum- 
mer days; at such times it basks in tlio sun, turning lazily 
about, and dragging its tentacles after it with seeming effort. 
Sometimes it remains for hours suspended in the water, not 
moving even its tentacles, and offering a striking contrast to 
its former groat activity ivhen young, and to tlio lively little 
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I'lucopc, -wliicli darts tlirougli tlio water at full speed, hardly stojv- 
piiig to rest for a momoiit. If tlio Oceania be disturljed it flattens 
its disk, and folds ifeiolf up somewhat in the shape of a balo (see 
Fig. 69), roniaimng perfectly still, witli the tentacles stretching 
ill every direction. Whea the caxiBo of alarm is removed, it 
gently expands again, ro- 
Hiiming its natural ontlino 
and indolent attitudes. The 
niimbor of tlieso animals is 
amazing. At certain sea- 
sons, when the weather is 
favorable, ftio surface of the 
sea may bo " covored with 
them, for several miles, so 
tltickly (hat their disks 
touch oacii other. Thus tlicy rtnnain paeitud together in a dense 
mass, allowing themselves to bo gently drifted along by tlio 
tide till the sun loses its intensity, wlien (hey rotii-o to deeper 
waters. Some points, not yet observed, are still wanting to com- 
plete the liistory of this Jelly-fish. By comparing such facts, 
however, as are already collected respecting it, with our fuller 
knowledge of tlio same process of growth in the Eucope, Tima, 
and Meliccrtiim, we may form a tolerably correct idea of its de- 
velopment. It is hatched from a Oampanularia, 

0/7/tia. {Cbjlkt hkophom Aii.) 

In M^, Id-TA we have the Acalephian and ifydroid stages 
of tiie Oiytia (Pig. T3), aaothor very pretty little Jelly-fish, ciasely 
allied to the Oceania. When first hatched, like tlw Oceania, it is 
very convex, almost tliimble-shaped (see Fig. 70), but a littlo 
later the disk ftattens arid becomes more open, as in Fig. 71. In 
B^ig. 72, we have a brancli of the Uydroid, a Campanularia, 
greatly magnified, witli the aunulatod reproductivo oalyclo at- 
tached to it, and crowded witli Jelly-fishes ready to make their 
escaiio as soon as the calycle bursts. The adult CJytia (Fig. 73) 
is somcwliat smaller and more aelivo timn the Oceania, and 
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18 easily recognized by t[io black base of its tentacles, at tlicir 
point of jimeturc with the luargiii of Iho dhk. It is more com- 





monly found at night, than in llio day-tinio, being uoctunial in 
ita liabits. 





Zi/ffodaeli/lil. (X;igadacli/!a groenlandka Ai;.') 

Ijiltto lias booji known, and still less publiHltGct, of this romark- 
ablo gcmia of Jelly-tisli (Figs. ^4, tS) \ip to the presCHt time. 
Tlio nanio Xygodactyla, or IVinfinger, was given lo it by Brandt, 
from drawings mado by Mortons, who had some opportunity of 
studying it in hiH joumoy around tlie world. T'hoso drawings 

>'i^. 70. Youni: ClylUJutt noipeil fttaa Iha njicRlucllve caljrcle. 

ir'ig.11. ClyttsKnaesbatalduttunFtg. ID, 

FPg. 11- MaxntScd iK'rIlan at llyiiraclun al OljDa, 

llg. 13. Adult Cljlla I («ica natuial eIz«. 
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were pnblisiied in the Transactions of the St. Fotorsburg Academy. 
In tlio year 1848 I'rofessor Ags^sk i-cad a paper iipoii one of the 
species of this genus belonging to onr coast, before the American 
Academy, in which lie called, it Ehacostoraa, not being aimro 
tliat it had ah'cady received a name, and gavo soma account of 
its extraordinary phosphoreseont properties. TIio name Rhacos- 
toma mnst of couvse yield to that of yijygodaotyla, wJiieh Iiaa » 
prior claim. 

The average size of this Jelly-hsh when full grown is from 
Boven to eight inches in diameter ; sometimes it may measure 




oven ten or ok \ on but this is lathoi i uc J ho h{ hfe-violct col- 
ored disls is e.M,eediiif,!y dUicato and tian6.pai(,nt, its edge being 
fringed witii lon„ fihions tcntaelcf., tinged with daikor violet at 
their point of juiieluie with ilio disk, and hangmg down a yard 
and more when fully extended, though they vary in length ac- 
cording to tlio sine of the speeimon, and, in eonseciuonoo of tbeiy 
contractile power, may seem much shorter at some moments than 
at others. The radiating tubes in this Jelly-fish are exceedingly 
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IS, tlio wliolo inner surface of tho disk being ribbed with 
them. (See JPiga. 74 and 75.) The ovaries follow tho length of 
the tuhos, though tlicy do not extend quite to thoir extremity, 
wJiGM they join the circular tube around the margin of the disk ; 
nor do they start exactly at the poiat where the tubes diverge 
from tlio central cavity, but a little below it. (Mg. 74.) Each 
ovaiy consists of a long, brownish, ilat bag, split along tho mid- 
dle, so closely folded together that it seems like a flat blade 
attached along tho length of the tube. Perhaps a bettor compar- 
ison would bo to a pea-pod greatly elongated, with tho edges split 
along thoir line of juncture, and attached to a tube of the sainc 
length. Tho ovaries are not perfectly straight, but slightly wav- 
ing, as may be soon in l''jg. 74, and tliose undulations are stronger 
when the ovaries aro crowded with eggs, as is tho caso at tho 
tjmo of spawning. 

The largo digestive cavity hangs from tho centre of tho under 
side of the disk (Fig, 75), terminating in tho proboscis, which, in 




this kind of Jelly-fish, is short in (proportion to tho diameter of 
tho disk, while tho ripening of the mouth is very largo, (h^g. 74.) 
It is unfortunate that a variety of inappropriato names, likely to 
mislead rather than aid tho iJUHcicntilie observer, liavo been ap- 
plied to diO'orcnt parts of the Jelly-fish. What wo call horo dl- 
geativo cavity, proboscis, and mouth, aro, in fact, parts of one 
organ. An exceedingly delicate, transparent, filmy mombrano 
hangs from the mulcr side of the disk ; that membrane forms tho 
outor wall of the digestive cavity, which it encloses ; it narrows 
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toward its lower margin, leaving open the circular aperture called 
the mouth ; this narrowing of the membrane is produeed by a 
number of folds in its lower part, while at its margin these folds 
spread out to form ruffles around the edge of the month, and 
these ruffles again extend into the long scalloped fringes hanging 
down below. 

The motion of these Jelly-fishes is very slow and sluggish. 
Like all tlieir kind, they movg by tlie alternate dilatation and 
contraction of the disk, but in the Zygodactyla these undulations 
have a certain graceful indolence, very unlike the more rapid 
movements of many of the Medusae, It often remains quite mo- 
tionless for a long time, and then, if you try to excite it by dis- 
turbing the water m the tank, or by touching it, it heaves a slow, 
lazy sigh, with the whole body rising slightly as it does so, and 
then relapses into its former inactivity. Indeed, one cannot help 
being reminded, wlien watching the variety in the motions of the 
different kinds of Jelly-fishes, of the difference of temperament in 
human beings. There are the alert and active ones, ever on the 
watch, ready to seize tlie opportunity as it comes, but missing it 
sometimes Irom too groat impatience ; and the slow, steady peo- 
ple, with very regulai' movements, not so quick perhaps, but as 
successful in the long run ; and the dreamy, indolent characters, 
of which the Zygodactyla is one, always floating languidly about, 
and rarely surprised into any sudden or abrupt expression. One 
would say, too, that they have their aristocratic circles ; for there 
is a dehcate, high-bred grace about some of tliem quite wanting 
in the coarser kinds. The lithe, flexible form of the greyhound 
is not in stronger contrast to the heavy, square build of the bull 
dog, than are some of the lighter, more frail species of Jelly-fish 
to the more sohd and clumsy ones. Among these finer kinds we 
would place the Tima. (Pig. 76.) 

Tima. (Tima formosa Ac.) 

One's vocabulary is soon exhausted in describing tlie dif 
ferent degrees of consistency in the substance of Jelly-fishes, 
Delicate and transparent as is the Tima, it has yet a certain 
robustness and solidity beside the Oceania, described above. In 
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fact, ivll are gelatinous, all arc more or loss transparent, and it ia 
not easy to describe tho various Bltade» of solidity in jelly. Per- 
haps tlioy may bo more accurately represented by tlic impression 
made Tipon the touch tlian upon tho siglit. If, for instance, you 
place your hand upon a Zygodactyla, you foci that yon have 
come in contact with a substance that has a positive eonsistoncy ; 
but if you dip your linger into a bowl whoro a Tinta is swimming, 
and touch its disk, yon will feol no difl'croneo between it and tho 




water in which it floats, and will not be a^vaic thnt ybxi havo 
reached Jt till tho animal shrinks away from tho contact. 

The adult Tima, represented in Fig, 76, is not moro than au 
hich and a half or two inches in diameter. Instead of count- 
less tubes divor^ng from tho digestive cavity to the margin of 
tho disk, as in tho Zygodaolyla, there arc but fo\u-. Tho di- 
gostivo cavity in tho Tima is jmEch smaller than in tho Kygo- 
dactyia, and is placed at the end of the proboscis, which is long, 
and hangs dowji far below the disk. This j-cmoval of tiio diges- 
tive cavity to ti»o extremity of tho proboscis gives to the tubes 
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arising fi'om it a vouy different and lauch sharper curve than 
they have iu tlio iiygodactyla. In the Tima they start from the 
end of the proboscis, as may ho scon in the wood-cut (ffig. 76), 
and thou turji abruptly off, when they arrive at the under Burfaco 
of the disk, to roach its margin. The disk hasj as uhurI, ite veil 
and lis iVinge of tcntiicles ; the toutaeles in tlvo full^rown Tima 
aro few, — seven in all the fonr iTitormcdiato spaces between the 
tubes, with one at the base of each tube, makitij; thirty-two iu 
all. The ovaries, i\'hich aro milk-white, follow the line of the 
tubes, aw iu the Zj'j'odaetyhi, and have very undulating folds 
wluTi full of c s The liibos meet in the digestive cavity, 
J the margin of which 

spreads out to form 
four rtiflled edges that 
]uinf down from it. 
On ol these rulTIeB, 
I ti'.iiloiably magni" 
h (I IS represented 
m l''ig. 77. In B-jg. 
78 wc have a portion 
of (ho Ilydi-oid stock 
iiom which this Jelly- 
iish arises, also great- 
ly magnified. ^Tio 
Tinia is very active, 
yet not abrupt in its 
motions ; but ivhen in good condition it is constantly moving 
about, rising to the surface by the regiilar pulsations of the disk, 
01" swimming from side to side, or poising itself quietly in tho 
water, giving now and theii a gentle undulation to keep itself in 
position. 

Though not a very frequent visitor of our shores, the appear- 
ance of the Tima is not limited by the seasons, since they are 
found at all times of tho year. It is a fact, unexplained as yet, 
that the Tima and many other Jolly-fishos are never seen except 
when full gro\vn. \Vhat may bo the liaunls and habits of those 
animals from Iho time of their hatching til! they mako their 

mg.K. MR^medhiJtdcCHyitfaiiujnr^ 'Finis. 




d by Google 



MELICERTOM, 00 

appearance again in the adult condition, is not known, thongh it 
is probable that they remain at the bottom during this period, 
and only come to the surface to spawn. This impression is con- 
firmed by the observations made upon a very young Cyanea 
which was kept for a long time in confinement ; but a question 
of this kind cannot of course be settled by a single experiment.* 

Melieerttim. (MeHcertim campanida Efe. ct Les.) 

A pretty Medusa, smaller and far more readily obtained than 
the Tima, is the Melicerttim. (Fig. 80.) Its disk has a yellow- 
ish hue, and from its margin hangs a heavy row of yellow tenta- 
cles, while the eight OTaries (Fig. T9) arc of a darker shade of 
the same color. This little gold- Eig.io. 

en-tinted Jelly-fish, moving through 
the water with short, quick throbs, 
produced by the rapid rise and fall 
of the disk, is a very graceful ob- 
ject. Its bright color, made partic- 
ularly prominent by the darker un- 
dulating lines of the ovaries, which 
become very marked near the spawn- 
ing season, renders it more conspic- 
uous in the water than one would 
suppose from its size ; for it does not measure more than an 
inch in height when full grown. (See Fig. 80.) 

* Since the aboTe was written, I hHvo liad an opportunity of learning some ad- 
ditional facts respecting the habits of ilia young Cyanea, whicb may, periiaps, apply 
to other Jelly-fishes also. Haying occasion lo riait the wharyos at Proyincetown at 
about four o'clock one morning, I was surprised to find thousands of the spring brood 
of CyanejB, bitlierw supposed to pass the early period of their existence wholly in 
deep water, floating about near the surface. They yaried in size, Bome being no 
lai^er than a three-ccnt-piece, while others were from an inch in diameter to three 
inches. It would seem that they make their appearance only during the earUest 
morning hours, for at seven o'clock, when I returned to the same tpot, tbey bad all 
vanished. It may be that other young Meduere ha\6 the same habits of early rising, 
and that instead of coming to bask in the nudday suushme, like their elders, they 
prefer the cooler hours of the dawn. [A. Agassis, ) 




Fis- 19. KcliOBTtum campanula seen from above ; m monlii, a a oiarJes, 1 ! tentacles. (Anassh.) 
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Development of Melicerhim and Tbiia. 

Jn (ho McliccrtiiiiJ and 'J'iina wo Imvo had the good fortano to 
tmoo the process hy -^s-hioli the eggs are changed into Hydroid 
communities. If any one has a cuvioKity to follow for themsolvca 
tliis shignlar history of altorimto generations, the Melicertuia is a 
good s\ibject for tlio oxporimcnt, as it thrives well in coiifinemont. 




After kecphig a luinihcr of tSiem in a large glass jar for a conplo 
of days at tlio thno of spawning, it will bo found that the ovaries, 
which wore at first quite full of eggs, arc omptiod, and tliat a nnm- 
bor of plantils! aro swimming about near the bottom of the tcsbcI. 
After a day or two the outline of thoso planulio, sphorical at firKt, 
becomes pear-shaped (sco Fig. 81), and presently ihoy attach 
themselves l)y the blunt end to the bottom of the jar. (Fig, 82.) 
Thus their Hydroid life begins ; tlioy olongato gradually, the 
horny sheath is formed around tlmm, tentacles arise on the Tipper 
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end, short and stiintoil at first, but taporliig rapidly out into fino 
iloxiblo ibulers, tho stem branches, and wo have a Httlc Ilydroid 
community (Fig. 83), upon which, in the comso of the following 
spring, tiio repvoductivo calyclos containing tho Mcdusaj buds will 



I 





bo doveloped, as in tlio euso of tho Eucope and Olytia. Tho 
Tlina passes through oxactly tho Buinc ))roceHs, though tho simpo 
of tho pinnula: and tho appearance of the young differ from that 
of the Meiicorttim, as may bo seen in Fig. 78, whoro a single 
Iioad of tho Tima Ilydroid, greatly magnified, is represented. 
By combining tho above ohservations upon the devolopmont of 
tho Hydroids of tho Melicertum and Tima with those previously 
mentioned upon tiio young Medusa arising fiom roproduetivo 
«aiyoles in the JIucopo and Olytia, wo get a complcto picture of 
all tho ehangOH through which any one of those Hydroid Medusro 
passes, from its Hydroid condition to tho moment when it enters 
upon an indcpondont existence as a free Jelly-fish. 

{Lamnetlca amjihora Aa.) 

The Medusa) of tho Gampanularians are not all free. On tho 
eontrary, in many of the species they always remain attached to 
tho Hydroid, never attaining so high a devolopmont as tho free 
Medusa!, and withering on the .stem after having laid their eggs. 
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Such is tlio Laomedea amphora^ quite coirimon on all tlio bridges 
coniieotiiig IJostoii with tlio country, wliore, on account of tlio 
largo amount of food brought down from the sowers by tbe rivor, 
they thrive wonderfully, growing to a great size, sometimeB meas- 
uring from a foot to oightoon iuohes iti lioight, 



iSertuhriam. 

Tlio Sertnlarians form another group of ilydroids closely 
allied to tlio Gumpamilavians, tlioiigh differing from them in the 
arrangement of the storilo Hydra) \ipon tlie stem. Among those 
one of tlio most uumorous is t!io Dynamena (^Bynamena pumila 
Lamx., Fig. 84), wliicli hangs its yellowish fringes from almost 
every sea-weed abovo low-watcr-mark. It is especially thick and 
iiixuiiant on the fionds of our common .Fucus vesiouham. Tlio 
coloi is usually of a ]nle ) (,llow, though sometimes it is nearly 
white, uid when fii'-t taken ffom the water it has a glittering 
look, siuli Rs a white liost leaves on a spray of grass. Fig. Bi 





reprfiscnte such a cluster in natural sine, ■while Fig. 85 shows a 
pieco of the stem iiighly magniliod, witli a repi-oduetivo calycio 
attjichcd to the side of a sterile Itydra stem. Many of tbeao 
Sertularian Hydroida assume the most graceful forms, hanging 
like long pendent streamers from the Laminaria, or in othor 
instances resembling miniature trees. One of Uieso treo-liko 
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Boptiikriaus (.Oyphida rosaeea Ag.),.abiiiidaii(. on all rocks in 
sheltered places immediately bolow low-water-mark, ia roprc- 
sentod in Fig. 86. In lioth thoso SortuiariaiiB the Medusa) witlier 
on the stock, novev becoming free. The free Medasaj of the 





ScrtiilavianB ai-o only known in their adult condition in a single 
genus, which is closely allied to Mciicertnm, and mIucIi is pro- 
duced from a llydraid genus called Lafcoa. Kg. 87 repve- 
Kents one of these young Sertnlarian Sredus^ (^Laftea eomuta 
Lamx.). 

TuhiUo-ians. 

In tlio Sertnlarian and Oampanularian Mydroids we have found 
that tlvo commiiiiities eo«nist generally of a largo iiurabor of siaaU 
individuals, so small, indeed, that it is hardly possible at first 
glance to distinguish the sc|Mvrato members of these niiniatum 
societies. Among the Tubularians, on the contrary, the commu- 
nities JU'c usually composed of a small mimbor of comparatively 
large individuals ; and indeed those Hydi-oids may even grow 
singly, as in tlie case of the Hybocodon (Fig. 104), which attains 
sevoi'al inehist in lioight. There is also another genoi'al feature 
in which tlio Tubularians diflfor from both the other groups of 
Hydroids, In the latter, the horny sheath which encloses the 
stem extends to form a protecting calycle around the Hydra 
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heads. This protecting calyele is wanting round the heads 
of the Tubiilarians, though their stetns are surrounded by a 
slieath. 



Sarsia. (^Corynemirahitis Aa.) 

Among the most common of our Tuhularians is a small , mossy 
Hydroid (Pig. 88), covering the rocks between tides, in patches 
of several feet in diameter. Fig. 89 represents a single head 
from this iittle mossy tuft greatly magnified, in -which is seen the 
medusa bud arising from the stem by the process already de- 
scribed in the other Hydmids. In Fig. 90 we have the little 





Jelly-fish m its idult condition, about the size of a small walnut, 
with a wide ciicuhi opening, through which passes the long pro-. 
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boscis, hanging ft'om the iiiuiGr surface of Itio disk to ii coiisitlcr- 
iMq (listanfto bolow ite mai^iii. Tlio four tentacles arc of an 
immaiiSQ loiigth whou eomparod to tlio size of the animal. As a 
gcnentl tiling, thu tentecles ara less luiraovoiis in the Tiibulariau 
Mcdiisso tbaTi in those mising fioin other Hydioids ; tlioy irant 
also tho fiiiigtilar liiiiestono concretions found al. the base of tho 
tentacles in tiio Oainpanulatian Modu- 
Effl. In Fig. 91 we liavo one of the 
Tubularian Medusas (^'I'lirris veaicaria 
A. Ag.) which has a rather larger 
mimhor of tentacles than is usual 
among these Jelly-fished. Wc nevei' 
find the tentacles multiplying almost 
indefinitely in them, as in Zygodao- 
tfla and Kacope. The little Jelly-fish 
dcsoribed above is known as Sarsia, 
while its Hydroid is called Coryne. 
These names liaving been given to 
the separate phases of its existence 
before their connection was understood, 
and -when tlioy were s\ipposcd to rc|)- 
i^aent two distinct animals. They are 
es^oially intei-esling with refemnce 
to the history of Ilydroids in general, 
because tlioy wove among tho first of these animals in whom 
tho true i-elation between tho different phases of their exist- 
ence was discovoi'ed. Lesson named the Sarsia after the great 
Norwegian naturalist, Sars, to whom wo owe so large a part of 
what is «t present knowii respecting this curious subject of altor- 
aate generations. 




'ainvillin. {Jtoui/uh'i-iUin .'iufc-ciluii-h Ac,.') 



The Bougainvillia (Mg. 92), is i 
Jelly-flshoB, freqtienting our whavvt 
during the spring. The tentacles arc 



i of our most common 
as well as our sca-slioro 
[■ranged ill four Intnclics 
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or cUistors at tlio junctioti of tlio radiating tubes wiUi tlio cir- 
cular tubfj, from wliich thoy inay bo scon oxtondiug iu every 









II I ti nls re 

joiiii |ii Uv til iikil til lilt, watoi, 
n li\oiitt attitude wjtii tlicm, and 
(11) ttlucli tln-j iitim sometimes foi 

1 •,•>, womiiig to make no t-Pfoit bo- 
\oijd til It of gently playing then teii- 
tidis to «nd fio (l^g 92) 'iUesB 
tuitifUs oic ciprble of immoiiao ex- 
tension, somUnuos to ten m fifteen 
Inus the dmmetoi of tho bdl Tim 
jiiolioscis IS not simple as m tho Sai- 

I Imt looks like a yel!o\y um sua- 
lunlid at its fom comers from tlio 
clijinifoious tubes The oial oiioning 
1-, iiifuoly concealed by clusteis of 
■■hoilu tuttaolcs smiouudinj; tho 
mouth m i do'-o wieath, on wliioh tho 
c{ g-. lie -iuppoited A Inghlj migni 
ficd biaiich of the JI\dio»d stock U-om 
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winch Ihis ^roilusii anse! 
SCO tho liule Joliy-l'iKhes ii 



is represented in Fig. 93. Tlieve v 
(liiToront dcgrcos of dovnlopinoiit ( 





the stem, -while in li'igs. 94-9Y the) > i i ' '• 5y find 

still joorc enlarged. In i'ig. 94 Iho .muIhu ul ih> .Idlylisli m 
still oval, the proboscis is but just formed, and tlio tentaeles ap- 





pear only as round swellings or knobs. In Fig. 95 a depriissioii 
has taken place at the upper end, presently to be an opening, 
tlie probosciH is enlarged, and the tentacles lengthened, but still 
turned inward. In Fig, 96 the appendages of the proboscis aro 
quite conspicuous, the tentacles aro turned outward, and tlio 
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Jelly-fish is almost ready to break from its attachment, having 
assumed its iiltimato outline. Fig. 97 represents it just after it 
has sepai'ated from the stem, when it has only two tentacles at 
each cluster and simple knobs ai'ouiid the mouth, instead of the 
complicated brandling tentacles of the adult. 



Tahularia. (Tubularia Couthouyi Ag.) 

There are several other Tubularians common in our waters 
which should not bo passed over without mention, although as 
this little book is by no moans intended as a complete textr-book,. 
but rather as a volume of hints for amateur collectors, we would 
avoid as much as possible encumbering it with many names, or 
vrith descriptions already given in more comprehensive works. 
This Tubularia is interesting, however, from the fact that tlie 
! buds are never freed from the stem, and do not develop 




uito fuU-grown Jelly-fishes, but always remain abortive. Fig. 9S 
represents one head of sucli a Hydroid witli the Medusa buds 
pendent from it in a thick cluster, while in Fig. 99 we have a 
few of tliem sufiiciejitly magnified to show that, though present- 
ing the four chymiferous tubes, they are otherwise exceedingly- 
simple in structure, as compared with the free Jelly-fishes, 
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Sydractinia. {Hydractinia pobjdma Ag.) 

This is another Tubulariaai, covering the surface of rocks in 
tide-pools, or attaching itself upon shells inhabited by hermit 
crabs. Indeed it was upon these shells that the Hydractinia was 
first noticed, and it was long supposed that the wanderings to 
which the little colony was thus subjected were necessary for its 
healthy development. But subsequent observations have shown 
that it attaches itself quite as frequently to the soHd rock as to 
these nomadic shells. It has a rosy color, and, being very small, 
it looks, until one examines it closely, more like a thick red car- 
pot of soft moss, than like a colony of animals. These communi- 
ties are distinct in ses, the fertile individuals in each behig either 
all male or all female. In Fig. 100 we have a portion of a fe- 
male colohy, representing one fertile head, in which tlie biids are 
crowded with Medusa ; one sterile head, surrounded by its 





mfs 



wreath of tentacles ; and still another member of the society 
whose office is not fully understood, unless it be that of a kind 
of purveyor, catching food for the rest. Fig. 101 represents the 
corresponding individuals taken from a male colony. The sex 
makes little difference in tiie appearance of the reproductive 
heads. All the individuals of a Hydractinia colony are con- 
nected at the base by a homy network, rising occasionally 

Ueauato, c fcrtile Inflivlclual n-ilJi globulu tenlBOlea wllhout MBdufiffl, d e/ff ft f MedusB in different 
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into points of a conical or cylindrical shape. This polymorpliism 
aanong the Tubularians is another evidence of the relation be- 
tween tlie Siphonophorie, or floating Hydroids, and the fixed 
Hydroids. 



JBj/bocodon. (^Hybocodon prolifer Aa.) 

Among our Medusse derived from a Tubulariaii stock is the 
Hybocodon, viz. the hunchbacked Medusa (Fig. 102), a singular 
little Jelly-fish, odd and unaymmetrical in shape, as its name 
indicates, and mteresting from its relations to one of our floating 
communities, tlie Nanomia, presently to be described. Instead 
of the evenly proportioned bell of the ordinary Medusae, the 
Hybocodon. has a one-sided outline (Fig. 102), one large tentacle 
only being fufly developed, while the others remain always abor- 
tive, so that the whole weight of the structure is thrown on one 
half of tlie bell. Upon this large tentacle small Jelly-fishes, 
similar to the original, are produced by budding, this process 





going on till ten or twelve such Jelly-fishes (Fig. 103) may be 
seen suspended from the tentacle. Up to this time it has re- 



E1K.1D3, Medusa bull of Ilybacadon) s base 
Uciluaa! at base of Ions leniaole t. {Jgassi^.t 
Tig. IDl. Single licad of Hybocodon Hj-ilroid ■ 
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maiiiGsl eotnicotcd with tho Ilydroid from which it aiises, a rathoF 
largo 'I'libularian, tisually growing singly (l'"ig. JO'l), and of a 
deep omnge-red in color. But at this stage of its existence it 
frees itsolf, and loads an independent life hereafter, swimming 
about with a quick, darting motion. In tho account of tho Na- 
nomia, tho homology between its scale, or abortive Medusa, and 
tho llybocodon, is ti iced iti detail, and I need only allude to it 
lioro. Though tin-. Medusa is so peculiar in ajipearance, the 
Tubulauan ftom isbieh it is doiivod is very liko the Tubularia 
Gmithouffi) alii.idy described. This is one of the iustances before 
alluded to, in which closely allied forms give rise to very dissimi- 
lar oiios, or, as m many ca.ses, tlie very roverso of this takes place, 
and closely allied forms arise from very dissimilar ones. 

.Di/smorp/iom. (Dgmiorplianrifulgiiruiu A. Aa.) 

IScsiJes tlio buddiug at the base of tho tentacle, as in llyhoeo- 
don, we lind another mode of development among Hydroid Me- 
dusa), viz, that of budding from the pTOhoscis. Ono of our most 
common little JolIy-nshoSj.the Dysmorphosa (Fig. 105), to which 
lye owe tho occasional bluo phosphorcBconco of tlio sea, so brilliant 
at times, buds in this manner. I'ig. 105 represents an adult Dys- 




morphosa, on tin; ())ol)o<ci^: of which may bo seen throe small buds 
in different s(;i;^i;s u[' d.ivr.iojinient. In Fig. lOG the proboscis is 
more enlarged, showing one of the iittle Jclly-Jishes similar to 
the parent, just ready to drop off. We need not wonder at tho 

Fig. IDS. Dj.inoriihiBa !ic=n tit praflle j fnss"ifle<1. 
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Jimnoiise nunibor of thcso animals, with which the sea actually 
Bwarnis at tunGs, when wo know that as fast as they are 
dropped, and it tabes hut a fow days to complete thoir de- 
volopmeiit, tliey each begin the samo process ; so that in the 
course of a week or ten days one such Medusa, BUpjKisiug it to 
have produced six buds only, will liavo given rise to forty-two 
Jeily-ftslies, thirty-sis of which may he equally prolific in the 
same short period. ThcBC Medusro budding tlras, and swimnitug 
about, carrying their young with them, bcai' such a closo i-escni- 
blance to tiie Boating communities of Hydroids formerly known as 
Siphonophoras, that did wo not know that some of them arise 
fl-oia Tubularians, it would be natural to associate tliem with 
the Siphonophorio. 

Nanmnia. {Nmwmia aim A. Ac) 

The Nanomia (Fig. 116), otir free floating Hydroid, consists, 

when first formed, of a single Hydra containing an oblong oil 

bubble (Fig. 107). The whole organization of such a Uydia is 

limited.to a simple digestive cav- 

*'^' ""' ■ii^^!!iii^'^" ^ ^^y > ^* ^'^^' "^ **^''*i ^^^ '"*° organ, 

I^HHHjjH and one function, and consists of 

^^^^EBH it by a transverse partition, and 

^^^^^^H has no connection with tlio cavity. 

and tho cavity arise a number of 
btids of various character (Fig. 108), which wo will describe ono 
by one, beginning witli those nearest the oil bubble, since these 
upper members of the little swimming community bear a very im- 
portant part in its histoiy. The infant comuninity (Fig. 108) 
passes rapidly into the sta^ represented in Fig. 109, and then 
through all tho stages intermediate between this and tho adult, 
shown in its natural size in Fig. 115. The upper buds en- 
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large graduaUy, and soon (ako u|ioii fitomsiilvos a piiifoct Me- 
dusa strueturo (Fig. 110), witli the exception of tho proboscis, 
the absonco of which is easily understood, when wo find that 
these Medusfo sorvo the purpose of locomotion only, having Jio 





share in the function of fooding tho cosuniunity, so that a digo&- 
tive apparatus would bo q\tito suporfluoiis for tliom. In ovory 
other i-espect they are perfect MediissD, attached to tlie Hydra as 
tho Medusa buds always are when lirst formed, having tho (four) 
ehyraiferoiiB tubes, characteristic of all Hydioid Medusa), radi- 
ating fmm the centre to tho periphery-; two of these tubes 
are very winding, as may bo seen in H^ig. 110, while tlio other 
pair ai'e straight. Tlio Medusa) themselves are heai't-sliaped 
in form, depi-ossed at tho centre of tho xipper surface, and 
bulging on eitliei" side into wing-like expansions, wlioro they 
join tlio stem. Tlioso expansions intorloek with ono anothci-, 
crossing nearly at right angles. Tho MedusEO-liko buds are the 
swimming bells ; by their contractions, altoniately taking in and 
tlirowing out the water, they impel the whole commTinity for- 
ward, so that it scorns rather to move like ono animal, than like 
a combination of individuals. 
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Uesidcs these locomotive mcmbors, tlie comimtnity contaiQs tliroo 
kiiidM of Hydra) arising as buds from Uio primitive Hydra below 
the swimming bolls, tlio latter remaining always nearest Uio oil' 
bubble at the top, while the first Hydra, the founder of the com- 
munity, ill proportion as tlio now individuals are added, is gradu- 
ally pushed downward, and remains always at the end of the 
string, tlie stem of which is formed by the elongated neck of the 
primitive Jlydra. All the thi-oo sots of Hydrte have certain fea- 
tures in common, wliile they hai'o otlior distinguishing character- 
islics marking them as distinct individuals. They are all accom- 
panied by triangular shields (Fig. Ill), arising with them at tho 
same point on the parent stem, and all 
are furjiishcd with tentacles hanging 
down from (he summit of the Hydi'.i at 
tlie huio opposite tho shield. These facts 
111- mipoitint to remember, since wo 
'.li ill ])io&uitly pcieeivo, upon analyzing 
liion iintSjthitthcje Hydra) have a close 
JKiiiuilogy to tho Hybocodon. Tho tcn- 
tnks diffoi m stiuetmo an well as in 
iiuiiibu Ibi each kind of Hydra. Hav- 
)ii ho%\ii m what characters Uiey 
I ii I , let us now take each set individ- 
uill\ and ECO what differences they 
..nt 
Jn tht fust sot which wo will oxam- 
nir the Jlydia is open-mouthed. Like 
the oii^niiHIydM, it is only a digestive 
tube, himihi m ill uspcLfs to the piobosote of a Mcdusa-disb. 
ItH only function is Ihit of feeding, and it shows a laudable fidel- 
iti to its calling, hniit^ \eiy t-onstantly and eaniestly engaged in 
tho^ioik Let us add, hoivovoi, that in this instance iho occu- 
pition IS not 1 wliolly sclfi'sh one, since the caviJy of OTory Hydra 
conmiHiiicates i\ifh (Jiat of tho stem, and the food taken in at 
these ever-gajiiiig iuouUls, is at once circulated throngh all parts 
of the community, v'lth the exception of the oil huhblo, from 
which it is excluded by tho transverse jiartilion dividing it from 

¥i^. HI, Clusif t s( Medu!Bi BiihWnladMliHvinKpement Snobs. 
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all tlio lower monibcrs of iho stock. The shields slmro in t\m 
general nourishment of the compoiind body by means of ohyinif- 
orons tubes extoiidinf; toward the oiiler surface, and opouiTi;' into 
tho cavity of the Ktom, TJio mouth of this Hydra is very /Icxiblo 
(Mg. Ill), OKpanding and contracting at tho ivill of the animal, 
and Bomotim^ acting as a sneker, fastening itself, leech-like, on 
tho objeot ft'Oiu which it seeks to draw its siistenaneo. (See Mg. 
111.) The tentacles attached to this set of Hydras are exceed- 
ingly long and delicate. They arise in a cluster at the wppoi- 
and inner edge of tho Hydra, just at its point of juncture with 
tho stem,' and being extremely flexible and contractile, thoir 
long tendril-like sprays are thrown out in an endless variety of 
attitudes. (Bee Fig. 115.) Along tlie Vvhole length of this 
kind of tentacle arc attached littlo pendent knobs at even 
distances ; Kg. 112 represents suoh a kiio!> greatly magnified, 





and absolutely paved with lasao-collR, the inner suui suiidler ones 
being surrounded by a vow of larger ones. 

The second set of TTydvse (Fig. 118), are also ojsen-mouthed, 
corresponding witli those described abovcs, in everything except 
the tentacles, which are both sliorter and thicker, and are coiled 
in a corksorew-liko spiral. Theso are thipkly studded for their 
wliole length with lasso-colls. (See Fig, 113.) 

In tho thii-d and last set of llydraj (Fig. 114), tlie mouth 
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is closed ; they liavo, thoreforo, no slmro in feeding tlio com- 
munity, but receive their nourishment from the cavity of the stem 
into whieli tliey open. They (tiffci- also from the others in having 
a single tentacle instead of a cluster, and on this tentaclo tho la^o- 
yi^.iu. ^^^^^ f^'" scattered at imovon distances (Fig. 114), 
Tlie special function of these closed Hydras is yet to 
! explained ; they have oil bubbles at their upper 
I Old (sco Fig. Ill, the top Hydra), and though wo 
have never scon thoitt drop oiT, it seems natural to 
' Knpposc that tlicy do Koparate from tho parent stock, 
and foimd now communities similar to those from 
^vhich they arise. 

Tho intricate .story of this singular compound ex- 
istence does not end here. There is still another sot 
of individuals whose share in maintaining the life of 
tlic comnuinity is by no moans tho least imjjortant. 
Little bniiehes of buds, of a diiVcrout character from 
any described above, may bo seen at certain distiinoes 
along the lower part of the stem. These aro the reproduotivo 
ijidividuals. They aro clusters of imperfect sexual Medusai, re- 
sembling the rudimentary Medusa) of Tubularia (l''ig. 99), which 
are never freed from the parent stem, but discharge their contents 
at the breeding season. Like many other compouivd Hydroids, 
tho sexes are jicvor combined, in one of these communities ; they 
aro always either male or female, and as those with female buds 
have not yet been observed, wo can only judge by inference of 
their probable character. From what is already known, how- 
ever, of Hydroid comnumities of a like description, wo suppose 
that the process of reproduction must bo the same in, these, and 
that the female stocks of Nanomia give birth to small Jelly- 
fislios, the eggs of which become oil bubbles, similar to that with 
wliicli our little comumnify began. (S'ig. 108.) 

By tho time all tlieso individuals have boon added along the 
length of tho stem, the stem ilfolf has grown to bo about three 
inches long (Pig. H^, though the tentacles hanging from the 
various members of the community give to the whole an appeal'- 
anee of much greater length. 'J'he motion of this little string of 
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living beings in most graceful. 'I'Iid oil bubUo (Kig- lii>) ai the 
upper end is their float ; the swimming Violis iirjinodiatcly bolow 
it (b'jg. ItO), by tho convulsive conlraetlons of wlueh thoy move 
along, ave their oavs. Tlie water is not taken in and expelled 




again by all tho bolls at once, but first jTrom all the bolls on 
one side, beginning at the lower one, and then from all those on 
the opposito side, beginning also at tUo lower one ; this altei'- 

f'g. lis. Adoll Hunooib. ualural elra, M kH . 
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iiate action gives to their inoveineiits a swinging, swaying ohavao- 
tor, expressive of tiio utmost freedom and grace. Wltcthor such 
Fin. 116. " ^''''^*^ community darts with a lightiiiiig-iike speed 
through the water, or floats quietly up and down, 
g^k^H fur its movements are botlt ra]>id and gentle, it 
IH^H always sways in this way from Hide to side. Xta 
nffi^H beavity is increased by the spots of bright rod 
scattered along the length of the stock at the 
base aTid tips of the Ilydraj, as well as upon tlio 
tentacles. The jnoveiiieiits and attitudes of tho 
tentacles are most various. Sometimes they 
shoot tlicm out in straight lines on eitlior side, and the« the 
aspect of the whole tiling reminds one of a tiny chandelier in 
which tho coral di-ops make the pendants, or they may be caught 
up in a succemou of loops or floating in long streamers ; Indeed, 
there is no end to tho fantastic forms they assume, ever astonish- 
ing you hy Bomo now combination of curvi^. The prevaUing 
hue of the whole community is rosy, with the exception of the 
oil bubble or float, which looks a bright gai'uet color when seoii 
in certain lights. 

Let us now compare one of the Hydr© hanging from tlio stem 
(Fig. US) with %hQ Hybocodon (Fig. 102). The reader >vill 
remember the unsyminetrical boU of this singular Medusa, one 
half of its disk more largely developed than tho other, with the 
proboscis hanging from tho centre, and the cluster of tentacles 
from one side. Let us now split tho hell so as to divide it in two 
halves with tlio proboscis hanging between them ; next enlarge tlie 
side whore there are no tentacles, and give it a triangular oiit- 
line ; then contract iJie opiwsito side so as to draw up tlie cluster 
of tentacles to meet the base of tho proboscis, and ishat have wo ? 
Tho praboscis now corresponds to tho Hydra of our Nanomia, 
with the cluster of tentacles attached to iUt upper edge (Fig. 
113), -wliilo tho enlarged half of tlie hell rcprosonts the shield. 
If tins homology be correct it shows that the Nanomia is not, as 
some naturalists have supposed all the Siphonophoros to he, a 
single animal, its different parts being a mere collection of organs 
endowed with special IVmctions, as feeding, locomotion, ropro- 
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duction, &c., but that it is indeed a community of distinct indi- 
viduals corresponding exactly to the polymorphous Hydroids, 
whose stocks are attached, such as Hydractinia, and differing from 
them only in being free and floating. 

The homologies of the Siphonophorae or floating Hydroids, 



more striking 



with many of the fixed Hydroidi 
ifphen we compare the earlier stages of 
their growth. Suppose, for instance, that 
the planula of our Melicertnm (See Fig. 
81) should undergo its development with- 
out becoming attached to the ground, — 
what should we then have ? A floating 
community (Fig. 83), including on the 
same stock like the Nanomia, both sterile 
and fertile Hydrte, from tiio latter of which 
MedusEe bells are developed. The little 
Hydractinia community (Fig. lOOj, in 
■which we have no less tlian four distinct 
kinds of individuals, each performing a 
definite distinct function, affords a still 
better comparison. 

Physalia. {Plymlia Arelkusa Til.) 
Among the most beautiful of the Sipho- 
nophores, is the well-known Physalia or 
Portuguese man-of-wai, lepiesented in Fig. 
117). The float aboie is a soit of crested 
sac or bladder, while the long streamers 
below consist of a numbei of individuals 
corresponding in then natuie and functions to tliose composing a 
Hydroid community. Among them are the fertile and sterile 
Hydr^ (Fig. 118), the feeders and Meduste bells (Fig. 119). 
The Physalia properly belongs to tropical waters, but sometimes 
floats northward, in the warm cmient of the Gulf Stream, and 
is sti'anded on Cape Cod. ^hen found so txr from their home, 
however, they have usually lost much of their vividness of color ; 
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to judge of their beauty one should see tliem iii the Gulf of Mex- 
ico, sailing along with their brilliant float fully expanded, their 
crest raised, and tlioir long tentacles trailing after tliem. 




Velella. {Velella mutica Bosc.) 

Another very beautiful floating Hydioid. occasionilly caught 
II our waters, though its home is also Ui to the soiith, is the 



Volella (Fig. 120). It is bright blue in color, and in form noi 
unlike a little flat boat with an upright sail. Its Medusa 
(Fig. 121) resembles so mucli that of some of our Tubn- 
larians, that it lias actually been removed on this account from 
tlie old group of SiphonophorEe, and placed next the Tubula- 
rians ; another evidence of the close affinity between the former 
and the Hydroids. 
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MODE OF CATCHING JELLY-FISHES. 

Not tlie least attractive feature in the study of these animals, 
IS the mode of catching them Wp wiU suppose it to be a warm, 
still morning at Kahant m the last week of August, with a 
bieath of autumn in the haze tliat sotttns the outlines of the op- 
posite slioie, ind makes the horizon line a little dim. It is about 
eleven o clock, for few of the Jelly fishes are early risers ; they like 
the warm sun, and at an earlier hour they are not to be found 
very near the surface. The sea is wlute and glassy, witli a shght 
swell but no ripple, and seems almost motionless as we put off in 
a dory from the beach near Saunders's Ledge. We are provided 
with two buckets, one for the larger Jelly-fislies, the Zygodaetyla, 
Aureha, &c., the other for the smaller fry, such as the various 
kmds of CtenophorEe, the Tima, MoHcortum, <fec. Beside these, 
we have two nets and glass bowls, in which to take up the more 
fragile creatures that caimot bear rough handling. A bump or 
two on the stones before we are fairly launched, a shove of the 
oar to keep the boat well out from the rocks along which we 
skirt for a moment, and now we are off. We pull around the 
point to our left and turn toward the Ledge, filling our buckets 
as we go. Now we are crossing the shallows that make the 
channel between the inner and outer rocks of Saunders's Ledge. 
Look down, — how clear the water is and how lovely the sea^ 
weeds, above which we are floating, dark brown and purple 
fronds of the Ulvas, and the long blades of the Laminaria with 
mossy green tufts between. As we issue from this narrow pas- 
sage wo must be on the watch, for the tide is rising, and may 
come laden with treasures, as it sweeps tlirough it. A sudden 
cry from the oarsman at the bow, not of rocks or breakers 
ahead, but of "A now Jelly-fish astern!" The quick eye of the 
naturahst of the party pronounces it unknown to zoologists, un- 
described by any scientific pen. Now what excitement ! " Out 
with the net ! — we have passed him ! he has gone down ! no, 
there he is again ! back us a bit." Here he is floating close by 
us ; now he is within the circle of the net, but he is too delicate 
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to be caught safely in tliat way, so, wliilo oiks of us moves tii« 
net ^iitly about, to keoii him witliia tliu spiiw unclosed by it, 
another slijKf tho ghiss bowl under him, lifts it quietly, and tlioro 
is a goiicral exclamation oi' triumph and delight, ~ wc have him. 
And now wo look more closely ; yes, decidedly ho h a novelty as 
■well f« a beauty. (Sco Vig. 122, J'6i/chogena lactea A. A.g.') Thoso 




white mossy tufts for oviuios arc unliko anything we have found 
hofoi-0 (Wig. 123), and not i-cprcscnted in any published flgui-os 
of Jclly-fiKhes. Wo float abovit hero for a wliilc, hopinj; to find 
more of the same kind, but no others make their appearance, 
and wo keep on our way to Kast Point, whore tliora is a capital 
fishing ground for iAfodusaj of all Korts, lloi'o two currents meet, 
and the JoUy-lishoK nm stranded as it woro along the lino of 
juncture, able to move neither one way nor "tlic other. At this 
spot the sea actually swarms with life ; one cainiot dip the net 
into tho water without bringing up Flcurobrachia, Bolina, Idyia, 
Melicevtum, i%o., whilo the larger Zygodactyla and Aurolia float 
about the boat in numbers. These lar^ Jelly-fislics produce a 
siugnlar (■iTocl as one boob tliem at sonte depth bcnealli the walcr j 
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the Aurclito, esjieeially, with their large wiiito (HsIch, look llko 
pale phantoms ttandoiing about far heloiv tho siu-fiico ; but they 
constantly iimt tipward, and if not too far otit of reach, one may 
bring timm uj) by stirring t!io watei' under them with the end of 
the oar. 

When wo havo parsed an hour or so Iloatlng about just 
Ijeyond East Point, and have nearly 
filled our buekois witli Jelly-fisihos of 
all sizes and descriptions, wo tni-ri 
and row homewaid. The buckets 
look very pretty as fhcy stand in the 
bottom of the boat with tho sun 
phinc lij'.hfing up their living con- 
tents. 'I'ho Idyia glittara and spar 
feloa ttiOi CYcr^cliaiiging hues, tlto 
I'lourobracltiaj dart aboilt, trailing 
thoir long graceRil tentacles ai^er 
them, the golden Melicorta are kept 
in constant motion by their quick, 
sudden contraettons, and tho deli- 
cate trans|jaiont Tinia floats among 
them all, not tho less beautifUl be- 
cause so colorless. There is an nu- 
f<n-l«nato idyia, who, by some mis- 
teko, ha*" got into tlio wrong bucket 
wJtIi the larger Jelly-fisl», wliero a 'Ay- 
godactyla has entangled it amonj; his tontacle'. and is ([uietly 
breakfasting ripon it. 

During our vow tho tide has been rising, and as wo neai- tho 
ciianncl of 8a«ndorR's I-edge, it is mnning through mom strongly 
than before, and at tho oulranci! of the shallows a pleasant sur- 
prise is prepared for us ; no less than half a doKCn of our new 
friends (the Ptycliogcna as he lias l)eeu baptized), coino to look 
for thoir lost companion periiaps, await us tlioro, and are pres- 
ently added to our spoils. We i-caeh the shore heavily ladon 
with tho fruits of our morning's exoxirsion. 

Tlie most iuterestinfj part of tho work for tho natnrah'st is 
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still to come. On our return to the Laboratory, tlie contents of 
the buckets are poured into separate glass bowls and jars ; hold- 
ing them up against the light, we can see winch are our best 
and rarest specimens ; these we dip out in glass cups and place 
by themselves. If any small specimens are swimming about at 
the bottom of the jar, and refuse to come within our reach, there 
is a very simple mode of catching them. Dip a glass tube into the 
water, keeping the upper end closed with your finger, and sink it 
till the lower end is just above the animal yon want to entrap ; 
tlien lift your linger, and as the air rushes out the water rushes 
in, bringing with it the little creature you are trying to catch. 
When the specimens are well assorted, the microscope is taken 
out, and the rest of the day is spent in studying the new Jelly- 
fishes, recording the results, making notes, drawings, Ac. 

Still more attractive than the rows by day are the night ex- 
peditions in search of JeUy-fishes. For this object we must 
choose a quiet night, for they will not come to the surface if the 
water is troubled. Nature has her culminating hours, and she 
brings us now and then a day or night on which she seems to have 
lavished all her treasures. It was on such a rare evenuig, at the 
close of the summer of 1862, that we rowed over the same course 
by Saunders's Ledge and East Point described above. The 
August moon was at her full, the sky was without a cloud, and 
we floated on a silver sea ; pale sti-eamers of the aurora quivered 
in the north, and notwithstanding the brilliancy of tlio moon, they 
too cast their faint reflection in the ocean. Wc rowed quietly 
along past the Ledge, past Oastle Rock, the still surface of the 
water unbroken, except by the dip of tlie oars and the ripple of 
the boat, till we reached the line off East Point, where the Jelly- 
fishes are always most abundant, if they are to be foimd at all. 
Now dip the net into tlie water. What genie under the sea has 
wrought this wonderful change ? Oiir dirty, torn old net is sud- 
denly turned to a web of gold, and as we lift it from the water 
heavy rills of molten metal seem to flow down its sides and col- 
lect in a glowing mass at the bottom. The truth is, the Jelly- 
fishes, so sparkling and brilliant in the sunshine, have a still love- 
lier light of their own at night ; they give out a greenish golden 
light as brilUant as that of the brightest glow-worm, and on a 
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calm summer night, at the spawning season, when they come to 
the surface in swarms, if you do but dip your hand into the 
water it breaks into sparkling drops beneath your toucli. There 
are no more beautiful phosphorescent animals in the sea than 
tlie MeduHEe ; it would seem that tlie espression, " rills of molten 
metal " could hardly apply to anything so impalpable as a JeUy- 
fish, but, although so delicate in structure, their gelatinous disks 
give them a weight and substance ; and at night, when their 
transparency is not perceived, and their whole mass is aglow with 
phosphorescent Kght, they truly have an appearance of solidity 
which is most striking, when they are lifted out of tho water and 
flow down the sides of the net. 

The various kinds present very different ■ aspects ; wherever 
the larger Aureliffi and Zygodactyly float to the surface, they 
bring witli them a dim spreading halo of light, the smaller 
Otenophorfe become little sinning spheres, while a thousand 
lesser creatures add their tiny lamps to the illumination of 
the ocoan ; for this so-called phosphorescence of tlie sea is by 
no means due to the Jelly-fishes alone, but is also produced 
by many other animals, differing in the color as well as tho in- 
tensity of their light, and it is a curious fact that they seem 
to take possession of the field by turns. You may row over the 
same course, which a few nights since glowed with a greenish 
golden light wherever the surface of the water was disturbed, and 
though equally brUliantj the phosphorescence has now a pure 
white hght. On such an evening, be quite sure that when you 
empty your buckets on your return and examine their contents 
you will find that the larger part of your treasures are small 
Crustacea (little shrimps). Of course tliere will be other phos- 
phorescent creatures, Jelly-fishes, &c., among them, but tho pre- 
dominant color is given by these little Crustacea. On another 
evening the light will have a bluish tint, and then the phosphores- 
cence is principally due to the Dysmorphosa (Fig, 105). 

Notwithstanding the beauty of a moonlight row, if you would 
see the phosphorescenco to greatest advantage you must choose a 
dark night, when the motion of your boat sets tlie sea on fire 
around you, and a long undulating wave of light rolls off from 
your oar as yon hft it from the water. On a brilliant evening 



d by Google 



90 MARINE ANIMALS OF MASSAOHUSEPTS BAY. 

this effect is lost in a great degree, and it is not until you dip 
your net fairly under the moonlit surface of the sea, that you 
are aware how full of life it is. Occasionally one is tempted out 
by the hrilliancy of the phosphorescence, when the clouds are so 
thick that water, sky, and land become one indiscriminate mass 
of black, and the line of rocks can be discerned only by the viTid 
flash of greenish golden light, when the breakers dash against 
them. At such times there is something wild and weird in the 
whole scene^ which at once fascinates and appalls the imagination ; 
one seems to be rocking above a volcano, for the surface around 
is intensely black, except where fitful flashes or broad waves of 
light break from the water under the motion of the boat or tie 
stroke of the oars. It was on a night like this, when the phos- 
phorescence was iinusually brilliant, and the sea as black as ink, 
the surf breaking heavily and girdling the rocky shore with a wall 
of fire, that our collector was so fortunate as to find in the rich 
harvest lie brought home the entirely new and exceedingly pretty 
little floating Hydroid, described under the name of Nanomia 
(Fig. 115). It was in its very infancy (Fig. 108), a mere bub- 
ble, not yet possessed of the various appendages which eventually 
make up its complex structure ; but it was nevertheless very im- 
portant to have seen it in this early stage of its existence, since, 
when a few full-grown specimens were found in the autumn, 
which lived for some days in confinement and quietly allowed 
their portraits to be taken (see Fig. 115), it was easy to connect 
tlie adult animal with the younger phase of its own life and thus 
make a complete history. 

Marine phosphorescence is no new topic, and we have dwelt 
too long, perhaps, upon a phenomenon that every voyager has 
seen, and many have described. Its effect is very different, 
when seen from the deck of a vessel, from its appearance as one 
floats through its midst, distinguishing the very creatures that 
produce it, and any account of the Mednsse which did not in- 
clude this most characteristic feature would be incomplete. 
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Oiffl illustrations and descriptions of Echinoderms are scanty 
in comparison to those of tlie preceding class ; for while, in con- 
sequence, perhaps, of the combined influence of the Gulf Stream 
and the cold arctic current on the New England shore, Acalephs 
are largely represented in our waters, our marine fauna is 
meagre in Echinoderms. But although we have few yarieties, 
those which do establish themselves on a coast seemingly so 
ungenial for others of their kind, such as the Echinus, and our 
common Star-fish, for instance, thrive well and are very abun- 
dant. The class of Echinoderms includes five orders, via. Cbi- 
N01D9, Ophioeans, Star-fishes, Sea-ukchins, and Holothueians. 
Tlie animals composing these orders djifer so widely in appear- 
ance that it was very long before their true relations were de- 
tected, and it was seen that all their external differences were 
united under a common plan. Let us compare, for instance, the 
worm-like Holothuriaus (Pigs. 124, 126, 127) with all the host of 
Star-fishes (Pigs. 142, 146, 147) and Sea-urciiins (Pigs. 131, 139), 
or compare the radiating form of the Star-fish, its arms spreading 
in every direction, with the close spherical outline of the Sea- 
urchin, or the Crinoid floating at the end of a stem (Pig. 152) 
with either of these, and we shall cease to wonder that naturalists 
failed to find at once a unity of idea under all these varieties of 
execution. And yet the fundamental structure of the class of 
Echinoderms is represented as distuictly by any one of its five 
orders as by any other, and is absolutely identical in all. They 
differ only by trifling modifications of development. 

In Echuioderms as a class, the body presents three regions dif- 
fering in structure, and on the greater or less development of 
these regions or systems, as we may call them, their chief differen- 
ces are based. Take, for instance, the dorsal system, the nature 
of which is explained by the name, indicating of course the back 
of the animal, though it does not necessarily imply the upper 
side of the body, since some of the Echinoderms, as the stemmed 
Crinoids, for example, carry the dorsal side downward, while 
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the Star-fisli9s and Sesrurchins carry it upward, and the Holotliu- 
rians, moving with the mouth forward, have the dorsal system 
at the opposite end of the body. Whatever the natural attitude 
of the animal, however, and the consequent position of the dorsal 
region, it exists alike in all the five orders, though it has not the 
same extent and importance in each. But in all it is made up of 
similar parts, hears the same relation to the rest of the hody, has 
the same share in the general economy of the animal. And 
though when we compare the spreading hack of a Star-fish with 
the email area on the top of a Sea-urchin, where all the zones 
unite, we may not at once see the correspondence between them, 
yet a careful comparison of all their structural details shows that 
they are both built with the same elements and represent the 
same region, though it is stretched to the utmost in the one case, 
and greatly contracted in the other. 

This being true of the dorsal system, let us look at another 
equally important Btructural feature in this class. All Echino- 
derms have locomotive organs peculiar to themselves, a kind 
of suckers which may be more or less numerous, larger or 
smaller, in different species, but are always appendages of the 
same character. These are variously distributed over tlio body, 
but always with a certain regularity occupying definite spaces, 
shown by investigation to be homologous in all. For instance, 
the rays of the Star-fish correspond in every detail on their under 
side, along which tlie locomotive suckers run, with the zones on 
the Sea-urchin, from end to end of which the suckers are ar- 
ranged ; and the same is equally true of the distribution of the 
suckers on the Holothurians, Ophinrans, and Grinoida, though,^ 
as most persons are less familiar with these orders than with 
the other two, it might not be bo easy to point out the coin- 
cidence to our readers. These suckers are called the ambu- 
lacra, the lines along which they run are called the ambulacral 
rows or zones, while the system of locomotion as a whole is 
known as the ambulacral system. Since these organs are thus 
regularly distributed over the body in distinct zones or rows, it 
follows that the latter must be divided by intervening spaces. 
These intervals are called the interambulacral spaces ; but while 
in some orders they are occupied by larger plates and prominent 
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spines, as in the Sea-urchin and Star-fisli, in others they arc cither 
comparatively iiiaignifieant or completely suppressed, as in the 
Crinoids and Ophiurans. Such are the three regions or systems 
which hy their greater or less development introduce an almost 
infinite variety of combinations into this highest class of Radi- 
ates, It may not be amiss before proceeding further to compare 
the five orders with reference to this point, and see which of 
these three systems has the preponderance in each one. 

Taking the orders in their rank and beginning witli tlie lowest, 
we find in tlio Crinoids tliat the dorsal system preponderates, 
being composed of lughly complicated plates, and developed to 
such a degree as to form in many instances a stem by which the 
animal is attached to tlie ground, while the ambulacral system is 
limited to a comparatively small area, and tlie interambulacral 
system is wanting. The order of Crinoids has diminished so 
much in modern geological times that" we must consult its 
fossil forms in order to understand fully the peculiar adaptation 
of the Echinoderm plan in this group. 

In the Ophiurans, the dorsal system is still large, and though 
it no longer stretches out to form a stem, it folds over on the un- 
der side of the animal so as to enclose entirely the ambulacral 
system, forming a kind of shield for the arms. Here also the in- 
terambulacral system is wanting. 

In the StaF-fishes the dorsal system encroaches less upon the 
structure of the animal. The back and oral side here correspond 
exactly in size, and tliough the fiat leathery upper surface of 
the animal, covered with spines, serves as a protection to the 
delicate ambulacral suckers which find their way between the 
rows of small plates along the under aide of the arms, yet it does 
not enfold them as in the Ophiurans. On the contrary, in the 
Star-fishes the ambulacral rows are protected on either side by a 
row of the so-called interambulacral plates, through which no 
suckers pass. 

In the Sea-urchin, the dorsal system is contracted to a mini- 
mum, forming a small area on the top of the animal, the rows of 
interambulacral plates which are separated and lie on either side 
of the ambulacra in tlie Star-fish being united in the Sea-urchin, 
and both the ambulacral and the interambulacral systems bent 
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upward, meeting in the small dorsal area above, so as to form a 
spherical outline. Here the ambulacral and interambulacral 
Bystems have taken a great preponderance over the dorsal system, 
and the same is the case with the Holothurians, in which the 
same structure is greatly elongated, the dorsal system being 
thus pushed out as it were to the end of a cylinder, while the 
ambulacral and interambulacral systems run along its whole 
length. All Echinodenns without exception have ambulacral 
tubes, even though in some there are no external ambulacral 
suckers connected with them. 

There is one organ peculiar to the class of Echinoderms, the 
general structure of which may be described here, since it is 
common to them all, with the exception of the Crinoids, the 
anatomy of which is, however, so imperfectly understood, that 
we are hardly justified in assuming that it does not exist even 
in that order. This organ is known as the madreporic body ; 
it is a small sieve or limestone filter opening into a tube or 
canal ; by means of this tube, which comiects with the am- 
bulacral system, the water from without, first filtered through 
the madreporic body and thus freed from any imparities, is con- 
veyed to the ambulacra. In the more detailed account of the 
different orders we shall see what is the position of this singular 
organ in each group, and how it is adapted in them all to their 
special structure. The development of Echinoderms forms one 
of the most wonderful chapters in the annals of Natural History, 
MarTellous as is the embryonic history of the Acalephs, including 
all the different aspects they assume in the cycle of their growth, 
it is thrown into the shade by the transformations which Echino- 
derms undergo before assuming their adult condition. This 
singular mode of development, although it has features recalling 
the development of Jelly-fishes from Hydroids, is nevertheless 
entirely distinct from it, and is known only in the class of Echi- 
noderms. As the whole story is given at length in the chapter 
on the embryology of the Echinoderms, we need only allude to it 
here in general terms. We owe the discovery of this remarkable 
process to Johannes Miiller, one of the greatest anatomists of 
this century. 



d by Google 



IIOl-OIllUUIANS. 



nOLOTIUJiUANS. 



Synapta. (Synapia (eiiHis Ayuks.) 

Tuts is one of tho most curious of the TtolotlmrianK, and easily 
observed on account of its transparency, wliich allows us to see its 
iutornal sfructuro. It lins a 
long cylindrical body (Fig.* . 
124) along tho length of 
which run tho fivo rows of ! 
ambulacra, which are in this \ 
instanoo closed tubes with- ' 
out any projecting sHckors 
OP locomotivo organs of any 
kind attached to thorn, so 
that the uaino is retained 
only on account of their cor- 
respondence in position, and 
not from any similarity of 
function to tho ambulacra in 
Star-fislies and Sea-urchins^ 
But though tho ambulacra 
ill Synapta arc in fact mere 
wat©r4ut)ea liko the vertical 
tubes in tlio Ctouoplior^, by 
moans of ivhicli the water, 
fust filtered through the 
madreporic body, circulates 
along tho skin, they mi) as 
organs perfectly lioniologons 
%yith the ambulacra in all otlier I'lcliinodcrjus. Tlic inotitli Una 
a circular tube around Uie aperture, and a wreath of branching 
tontaolos encircling it. The habits of these atunials arc singular. 
They live in very coarse mud, hut tliey surround themselves with 
a thin envelope of finer sand, which they form by f-clecting tho 
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KinulItJT- piii'ticlcs with tlicir tentacles, and iiiakiiig a riiiR around 
iimt- anterior oxlrcmity. Tliis ring they then push down along 
tlib length of the body, and continue this process, adding ring 
after ring, till tlicy have entirely encircled tliomsolvcs with a 
sand tube. Tliey move tlio rings down partly by means of con- 
tractions of the body, btit also by tlio aid of innumerable append- 
ages over the whole surface. To the naked eye these appendages 
appear like littlo specks on tlio skin ; but under ttio niieroKcopo 
they are neon to bo warts projecting fitun the surface, each one 
containing a littlo anclior ivith the arms tni-ncd upward (Fig. 
125). Around the mouth these warts are larger, but do not 
contain any anchors. It will be seen here- 
after that those appendages are honiologons 
witii certain organs in other Holottmrians, 
tlie warts witli tho anchors correspond- 
ing to the limestone pavement covering 
or partially covering tho surfoco of tho 
Cuvicrk, for instance, while those witliout 
anchors corres])ond to tho so-called false 
ambulacra in I'ontacta. By means of these 
appendages, though aided also by tho eon- 
tractions of tho body, tho Rynaptai move 
through tho iwid and colleot around them- 
selves tho sand .tube in which they arc en- 
cased. Their food is very coarse for animals so delicate in struc- 
ture. When completely empty of food they ara white, perfectly 
transparent, and tho spiral tube forming tho digestive cavity may 
bo seen wound up and hanging loosely in tho contm for thcwholo 
longtli of the body. In such a condition it is of a pale yellow 
color. Tint look at one that is gorged with food. Tho wholo 
length of the alimentary canal is then crowded with sand, peli- 
hles, and shells, distinctly soon through the transparent skin, and 
giving a dark gray color to tho whole body. They swallow the 
sand for the sake of the nutritious substance it contains, and 
having assimilated and digested this, they then eject the hai-dcr 
materials. The motioii of the body in consequence of its contrac- 
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tionK is much like that of Iceclics, and on thk account these 
Synaptse woro long supposed to ho a trausition type hotwcen tlio 
Radiates and worms, Tho body grows to a gi'oat leiigtii, often 
half a yard and more, but constantly drops lai'go portions from 
its posterior jmrt, by means of its own contractions, or breaks it- 
solf np by this oxpnlsiou of the intestines, which are very readily 
cost out. Tho tontacles are fioUow, consisting of a central rib 
with brandies from either side. In tho Synapta>, as in all tho 
IIolothurianH, tho niadroporio body is placed nonr tlio mouth, 
between two of tho ambulacra, and opposite the fifth or odd one. 
Tlve tube, eonneetiiig with tho central tube around the mouth, 
by means of which it communicatos with tho anibnlacral tubes, 
is very short. 



Oaudhut. {CaiuliM. 



«.) 



Several other JloIotUurians aie frequently met with on out 
shores. Among them is the Oawdina areiwia (Wig. 126), a 
sraaU Holothurian, yellowistt in color, and thick in texture, 




by no moans so protty as the wliito transparent Hynapta ; the 
tentacles ai-o short, resembling a crowji of cloves around the 
mouth. It lives in the sand, and may be found in great numbers 

on the sandy beaches after a storm. 
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Cuvteria, (Cuvkria sguamala I>. & K.) 

Tho Ilolothuijan of our coaKt, excelling all Uie rest in beauty, 
is tho Ciivioiia. (Fig. 127.) As it lies on the sand, a solid rad 
himp, with neither grace of form nor beauty of color, oven tho 
vividness of its tint growing duE and dead when it is removed 
from its native clement, certainly no one could suspect tliat it 
possessed any hidden charm ; but place it in a glass bowl with 
fresh searwater ; the dull red changes to deep vivid crimson, the 
tentacles creep ont (Fig. 1 27) softly, and slowly, till the mouth 




i.s surrounded l)j i ••picidnig wipalh, compaiablo for nchnoss of 
tint, and for dohcato tiaceiy, to tho most beautiful t>ea weeds. 
Tlicso tentacles, when ftilly ovpanded, ore m long as the body it- 
self. A limestone pavoniont composed of numeioub pieces covers 
almost tho whole siiiihce of tho animal, tins appaiatus coi^ 
responds, as wo hivc uheady jnontioned, to tlio warts contaimrig 
anchors in tho Synapta , but m tho latto) , the limestone parti- 
cles are snialloi, wheicas m the Cmicria thoy aio do\ eloped to 
a remarkable extent Tins aiumal is veiy <!luggi8h, the ombiila- 
cral suckers, found only on thico of tho tubes, beni;; aii.mged 
in sucli a wa) \s to fonn a '■ort of solo on winch fhc} trcep; 
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tliO holo is loiigh .■Hid lijiitlicry in lexliirc, but free from tlm 
limcHtonc pavemout doscriljud above. Tin; yomig (Figs. 128, 
129) arc very common, awimmiug frcoly aboul, and more 
readily found tlwn tlic adult ; tlioy are of a bright vermilion 
coior, but the tentacles hardly branch at tliut ago, nor is tlto 
limestone pavement formed, wliich gives siieli a pceiiliar aspect 





to the full-grown animal. The young OnvierJa, somewhat older 
than that leproseiited ' in I'^ig. 129, arc found in plenty under 
Btones at low-water mark, just after thoy have given up their 
nomadie habits, and when the limestone pavement begins to be 
dovaioped. 



I'entncla. 



{Pen. 



u frvnilosn Jai;.) 



The highest of our HolothurlanB in struoturo, iw the Pent^ta. 
(Fig. ISO.) It is very rare on our boachos, though occasionally 
found under stones at low-water mark ; farther north, in Maine, 
and at Grand Mauan, it is very common, covering all the racks 
near low-water mark. It is a ohocolato brown in color, and 
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niOiiRin'CH, when fully cxpandoil, Homij fiflocn to oiglili^oii iiicliei 
iii length. Unlike tlio Cuvioria, tlio ambulacial suokcis aro 
evenly dislribdtcd and itImoi>t eiiiially dcvelojKjd on all tlio tubes ; 
bolwtton tlio Ce\o lows of ambulooial suckeis ate Bcattoicd inegii- 
larly i;ertain a])})tndagO!i lefacmblni}; siukeii, but found on r\ani- 
inuliuii not to be tiue locomotno buokcis, and tails d on tliat 




account lil V huhoia Jlioso xro tlie oigaus corresponding 
totliDWiitft uonud tilt, inoutli of the Synapta. AUIiough the 
ambulicnl suckei? ftit, as wc ln\Q said equally developed on all 
tlio tubti yet the Pcntacta dois not u'-o tboin indiscriiniiiately 
as loeomotivo organs. In Pcntacta, as well as in all Ilolothu- 
riaiiK, whether provided with anibulacral suckers, or, like tbo 
Rynapta and Caudiiia, deprived of thorn, the odd ambulacruvn, 
vJK. the one placed opposite the madroporic body, in always used 
to ereo]) u])on, and forms tlio under surface of the animal. 

'i'ho correspondence between tlvo differout phasos of growth iu 
the young Pontacta, and the adult forms of the orders described 
above, the Synapta, Candina, Ciivioria, and Pcntacta itself, is a 
striking instance of the way in which embryonic forms illustiato 
tbe relative standing of adult animals. In tbo earliov stages of 
its development, the ambitlaeral tubes alone arc developed in the 
Pentacta ; in this condition it recalls the lower orders of llolo- 
thutians, as tite Synapta and Caudina ; tlien a sole is formed by 
tho gi^ater development of throo of (lio ambulacra, and in this 
state it rejniiids us of the next in order, tho Cuvieria, while it is 
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only in assuming its adult form that the Pentacta develops its 
other ambulacra, with their many suckers. 

The Pentacta resemhles the Trepang, so highly valued by the 
Chinese as an article of food, and forms a not unsavory dish, 
having somewhat the flavor of lobster. 



ECHINOIDS. 

Sea-urchin. {Toxopneusles drdbachie'nds Ae.) 

Sear-urchins (Pig. 131) are found in rocky pools, hidden away 
usually in cracks and holes. They like to shelter themselves in 
secluded nooks, and, not satisfied even with the privacy of such a 
retreat, they cover themselves with sea-weed, drawing it down 
with their tentacles, and packing it snugly above them, as if to 
avoid observation. This habit makes them difficult to find, and 
it is only by parting the searweed, and prying into the most 
retired corners in such a pool, that one detects them. Their 
motions are slow, and they are less active than either the Star- 
fish or the Ophiuran, to both of which they are so closely allied. 

Let us look at one first, as seen from above, with all its various 
organs fully extended. (Fig. 131.) The surface of the animal is 
divided by ten zones, like ribs on a melon, only that these zones 
differ in size, five broad zones alternating with five narrower ones. 
The broad zones, representing the interambnlacral system, are 
composed of large plates, siipporting a number of hard projecting 
spines, while tlie narrow zones, forming the ambulacral system, 
are pierced with small holes, arranged in regular rows, (Pig. 132,) 
through which extend the tentacles terminating with little cups 
or suckers. These zones converge towards the summit of the ani- 
mal, meeting in the small area which here represents the dorsal 
system ; this area is filled by ten plates, five larger ones at the 
extremity of the interambulacral zones, and five smaller ones at 
the extremity of the ambulacral zones. (Pig. 132.) In the five 
larger plates are the ovarian openings, so called because each 
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one is picrccil by ii sniiiU lioiis tlirougli whicli tho cgg.s are 
passed out, whilo in Uio fivo sniaUer plates are the cyo-spccks. 
The ovaries thcmsolrus consist of long jiouchcs or sacs, carried 
along tho inner side of eacli ambukcvmn ; one of these ovarian 
[tlatCH is larger tdan tlio othoi^, and forms tlio inadrcporic body. 




being pici-ccd witii many ijiiiiitto liuius; hero, as in tin: Hlar-Jisit, 
it is placed botwcon two of tho ainbulacral roivs, and opposite tho 
fifth or odd one. Looked at from tlio urtdor or tlio oral side, as 
seen in Fig. 134, tho animal preseuta tho mouth, a circular aper- 
ture furnished with five teeth in its centre ; these fivo teeth open- 



d by Google 



SEA-URCHIN. 



iug into a complicated intestine to be presently described. From 
the mouth, the ten zones diverge, curving upward to meet in the 
dorsal area on the summit of the body fP 13) 





Let us now examine the appearance a d tu ct on f tl e ttt ous 
appendages on tlie surface. Tlie tentacles have a variety of func- 
tions to perform ; they are tlie locomotive appendages, and for 
this reason, as we have seen, the zones along which they are placed 
are called the ambulacra, while the intervening spaces, or the 
broad zones, are called the interambulacra. It should not ho sup- 
posed, however, that the locomotive appendages are the only ones 
to be found on the ambulacra, for spines occur on the narrow as 
well as on tlie bi'oad zones, though the larger and more prominent 
ones are always placed on the latter. The tentacles are also 
subservient to circulation, for the water which is taken in at the 
madreporic body passes into all the tentacles, sometimes called on 
that account water-tubes. Beside tlicse offices the tentacles are 
constantly busy catching any small prey, and conveying it to 
the mouth, or securing the bits of sea-weed with which, as has 
been said, these animals conceal themselves from observation. 
It is curious to see their fine transparent feelers, fastening them- 
selves by means of the terminal suckers on such a floating piece 
of sea-weed, drawing it gently down and packing it delicately 
over the surface of the body. As locomotive appendages, the ten- 
tacles are chiefly serviceable on the lower or oral side of the ani-' 
mal, which always moves with the mouth downward. About this 
portion of the body the tentacles are immerous (Fig. 134) and 
large, and when the animal advances it stretches them in a given 
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direotion, fastoiis them by msaiiB of tlie suobcrs on some surface, 
bo it of rouk, or bIioU, or ttie Bido of the glass jar in whielv they 
are kept, and being thus anchored it drags itself forward. Tlio 
tentacles avo of a Tiolot hue, though when stretched to their 



•in ■<,4K-";i,:S' 



greatest loiigth thoy lose tlioir color, and bocoine almost whito 
and transparent ; biit in thoir ordinary condition the color is 
quite decided, and the rows along wliich thoy occur make as 
many violat lines upon tha surface of tho body. 

Almost the sole function of the spines seems to be tiiat of pro- 
tecting the animal, and enabling it to rcEsist tho attacks of its enc" 
biIgs, the force of tho waves, or any sudden violent contact with 
tho rooke, The spines, when magnified, are seen to be finely ribbed 
for nearly the whole length (Fig. 185), the bare basal knob serv- 
ing na the point of attachment for tho powerful muscles, which 
moY6 thesG spines on a re^lar ball-and-socket joint, the ball sur- 
mounting the tubordes (soon in Fig. 132), which fit exactly in a 
Bookot at the base of tho spine. In a transvomj section of a spine 
(Fig. t!!6), we see that the ribs visible on tl\o outside are delicate 
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colunms plin(d closely '■kIg l>y side, iml conncctcrt In tians\Gii30 
lods foiming an c\ccodiiiKly dUicato patioin Be side tl)o toiitaJci 
and tho f.piiK-'i, tluy Im^o other t,\;(oiiml nppuuhgti>, of whiUi 
the funotion long leniimcd a mystei\, ami is yet but paihsUy 
oxplanii d , Ihcso ua the so-tilled pciiicUliii t , thc) eonsibt <il a 
stem (», (Mjf t i7), \\liich bLCOJiiLs s«ulkn {,/-, I U'' 1 'i) Jiito t 





thimblo-shipcd knob i( Oil i fid (; iM^f 117) (Ins knob may 
sicm solid md rompiU at fust Mgbt, but it i'- split into thico 
wedges, which cnn be opened md shut at will \\ hen open, 
tliofio podicolhiio mxy best bo compiled ix> a thieepionged folk, 
except that the prongs lie iirnnged einieeiitiieilly iiibteul of on 
Olio plane, and, when closed, tliej fit intd one atiothor a*" neatly 
as tho pieces of a puzzle 

If we watch the Seiiiiclnn aflci bo bus been feeding, wo 
iJiall leain, at least, one of the of1i(Cs which this singular 
oigan perfoims m the genoiul ceouomj ot the animal That 
paitoflm food which ho oioets pisses (lilt at m opening on tho 
summit of the body, m tho small aiev whcio all thc /ones eon 
verge. Thc rejected particle is recoivcd on ■ one of those Httlo 
forks, which closes upon it like a forceps, and it is pasKed on from 
one to the other, down the side of the body, till it is dropped off 
mto the water. Nothing is more curious ami ontorfaiiiing Ibiin 
to watch the neatness and accuracy with wliich this process is 
povformed. One may see the rojeeted bits of food passing rapidly 
along the lines upon which these jiediccllariai oecur in gi'catest 
number, as if Uiey wero so many little roads for the conveying 

Hk. ISO. TciiDiiEtieHtllonot spUw; magiiifit.!. 
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away of tho refuse matters ; nor do tlio forks cease from tlioir 
labor till the surface of the aiiiiiiai is completely deau, and free 
from any foreign substance. Were it not for this apparatus the 
food tiius rejected would be entangled among tbo tentacles and 
spint^, aiid bo stranded there till the motion of the water washed 
it away. These curious little organs may have some other oflioo 
than this very laudable and useful one of scavoiigor, and tliis 
seonts the inoio pi-ohablo becauHO they occur over tlio whole surface 
of the body, while tlioy seem to pass the excrements only along 
certain given lines. They arc csfiecially iiumen)ns about tlio 
mouth, whore they certainly cannot liavo this function ; we shall 
KCQ also that tliey bear an important ])art in the structure of (he 
Star-fish, where there arc no such avenues on the upper surface, 
for the p^msago of the refuse food, as occur on the Sea-urchin. 

On opening a Sca-TU'chln, wc find that the tcoth (Fig. 138), 
which seem at first sight only like fivo little conical wedges 
around the nioutb (Fig. 1S4), aro connected 
with a complicated intestine, wliich extends 
spiralty from tlio lower to tlio upper floor of 
tlie body, festooning ifsolf from one ambular 
eral zone to the next, till it reaches the sum- 
mit, where it opens. This intestine leads into 
the centre of tlio teeth, tlie jaws themselves, 
whicli susfeiu the teeth, being mMc up of a 
iiumber of pieces, and moved by a complicated 
system of muscular bands. When the intes- 
tine is distended with food, it Jills the greater part of the inner 
cavity ; tlie remaining space is occupied in the brooding season 
by the genital orgaiis. In a section of the Sea-urchin, one may 
also trace tlie tube by which the supply of water, first filtered 
through the madro])oric body, is conveyed to the ambulacra ; it 
extends JVom the summit of the t)ody to the circular tube sur- 
rounding tho nvontli. 

.Mchinam.rhniu/i. {Kchimmchiiu^ pmma Oitw.) 

Beside the Toxopneustcs (Fig, 131) described above, wo have 
another Sea-urcliin very common along our shores. A:inong 
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ctiildi'cn who Hvo ni\nv sandy licaclics, Ihoy aro wuU known .'ss 
"saud-cakcs" (I'ig. I.'i9), and iiidcod llicy avc so (iai. and 
i-oiind, that, M-heii dried and doprived of tlioir bristles, tlioy look 
not uniibo a caite with a staivshaiJiid figaif) on its surface. (Fig. 
139.) When first taken imm the watisi- Uicy are «f a dnvk 
roddish brown color, and covered with small silky bristles. The 




Ahk is so Hat, being but \ei) sbgblly convex on the u[>|)or side, 
that one would certainly not absociate it at first sight with tho 
contmon spherieal Sca-nvcluu or Sea-egg, as tlio 'I'oxoprioustes is 
sometimes called. But upon closer oxaminatton the delicate ain- 
bulaci-al tubes or suckers may be seen projceting frani along the 
lino of the ambulaci-a, as in the spherical Soa-urcbin ; and though 
those ambitlacra become expanded near the summit into gilUilto 
appendages, forming a sort of rosette in tlio centre of the disk, 
they are, nevorthclcss, the same organs, only somewhat more 
complicated. When such a disk is dried in the sun, and the 
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bristles entirely removed, the lines of suture of the plates com- 
posing it, and corresponding exactly to those of the spherical 
Sea-\irchin, may very readily be seen, (a and i, I'ig. 139.) 

This fiat Searurchin or Bchinarachnius, as it is called, belongs 
to a group of Sea-urchins known as Clypeastroids (sliield-like 
Sear-urchins). In a section (Fig. 140) exposing the internal 
structure, one cannot but be reminded by its general aspect of 
j,,^ ,^1, an Aurelia. Could one solidify 

an Aurelia it would present much 
the same appearance ; another evi- 
dence that all the Radiates are 
built on one plan, their differences 
being only so many modes of ex- 
pressing tlie same structural idea. 
The teeth or jaws in this fiat Sea- 
urchin are not so complicated as in 
the Toxopneustes, being simply flat 
pieces, arranged around tlie mouth 
(o, Pig 1-10 ) , without the apparatus of muscular bands by means 
of whiuh the teeth are moved in the other genus. It is a curious 
fact, considered in relation to the general radiate structure of 
these animals, tliat the teeth, instead of moving up and down like 
the jaws in Vertebrates, or from right to left like those of Articu- 
lates, move concentrically, all converging towards the centre. 




STAR-FISHES. 

Star-fish. (^Astracanthion herylinm As.) 

Although there is the closest homology of parts between the 
Star-fish and the Sea-urchin, the arrangement of these parts, and 
the external appearance of tlie animals, as a whole, are entirely 
The Star-fish has zones corresponding exactly to those 
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of the Sea-urcliin, but instead of being drawn together, and tmited 
at the summit of the animal, so as to form a spherical ouiJine, 
they are spread out on one level in the shape of a star. This 
change in the general arrangement brings the eye-specks to the 
extremities of the arms, and places the ovarian openings in the 
angles between the arms. The madreporio body is situated on 
the upper surface of the disk (Fig. 142), at the angle between 
two of the arms, and consequently between two of the ambulacra, 
and opposite the odd one. The tube into which it opens, runs 
vertically from the upper floor of the disk to the lower, where it 
connects with tlie circular tube around the mouth, and thus com- 
municates with all the ambulacra! rows. The ambulacral zones 
which, in the Star-fish, have the shape of a fnrrow, run along tlie 
lower side of each ray (Fig. 141) ; the interambulacral zones 
are divided, their plates being arranged in rows along either side 
of the ambulacra! furrows. The ambulacral furrow, Uke the 
ambulacral zone in tlie Sear-urchin, is pierced with numerous 
holes, alternating with each other in a kuid of zigzag arrange- 
ment, one bole a little in advance, the next a little farther back, 
and so on, and through tliese holes pass the tenta^ 
cles, terminating in suckers, as in the Sea-urchins, 
and serving as in them for locomotive organs. The- 
most prominent and strongest spines are arranged 
upon the large interambulacral plates on both sides 
of the ambulacral furrows ; but the upper surface of 
the animal is also completely studded with smaller 
spuies, scattered at various distances, apparently 
without any regular arrangement. (Fig. 142.) 

The position of the pedicellariffi is quite dif- 
ferent ii-om that which they occupy in the Sea^ 
urchin, where they are scattered singly between 
the spmes and tentacles, though more regularly 
and closely grouped along the lines upon which the refuse food 
is moved off. In the Star-fish, on the contrary, these suigular 
organs seem to be grouped for some special purpose around tlie 
spines, on tlie upper surface of the body. Every such spine 
swells near its point of attachment, thus forming a spreading base 
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(Fig. 143), arouml wliich (he iK!(lieclIun:u arc arranged in u close 
wreath, in the eontio of which tho siiininit of the Rpino projects ; 
thoy differ alj^o iVoni thoKC of the Sca-urehin in liaviiig two 
jirongs instottd of three. Other pedicellariEB are scatteretl inde" 
pcndoJitly over the surface of the anitnal, Imt thoy are binaller 




than tlioso forming tho chistors and connected ivith llie Kjiincs. 
Tho ftiiictioii of tlieso organs in tho Slar-fi(;h remains unexplained ; 
tho opening on the upiwr surface, tlirougli which the i-efuso food 
IB tlirown ovit, is in such a position that tlioy evidently do not 
serve here tlie same purpose whicli renders them so nsefnl to the 
J;oa-urchiii. Occasionally tlicy may ho seen to catch sniaU prey 
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with these fork^;, litllo CruKtitcco, for iii«!aiiec ; but Ihis is prob- 
ably not their only oilicc. Tlio Star-Hsh has a fourth Bct of 
external appendages in the nhape of little water-tubes. (Soon in 
Fig. 148.) Tlio stpper surfaco of the haek consistK of a strong 
liinostono network (Fig. 144), and certain openings in tluK net- 
work are covered with a thin momlnano througli wliicli these 
wator-ttibos projeot. It is supposed that water n\ay lie intvo- 
duccd into the body through thcso tnbos ; but wliilo there can bo 





no (!■ :■' '■■" ■' ;' iiro constantly lilled witii water, ami are 
therefore directly connected with the circulation through tho 
madroporic body (Fig. 145), no external opening has «s yet been 
detected in thom. Tho fact, however, that w!ion those aninmis 
aro taken out of their native element, tin watpi pours out of them 
all over the surface of tho bick, bo that thoy at once collapse uud 
lose entirely their fulness ol onthno, stems to show that water 
doi^ issno from those tubet. The ends ot the aims aro always 
slightly tamed up, and at tho summit oi cai-h is i red eyo-speok. 
Tho tentacles about the eye become veiy 
delicate and ore destitute of suekois 

These animals have a singular niodo of I 
eating ; they place thomsolvos ovei v,\i il- f 
over they mean to feed upon, as t cO(.klt, |f 1 

shoU for instance, the bat-k giadually 
rising as they arch themselves above it, 
tticy then turn tho digestive sac oi stom 
ach inside out, go as to oncloso tht,u pi ey 

inK.143. HI»HtiiipliiaotStar>fl<li vKI I.UIIU I g<t 
Kk.114. IJtoesloiwntliwiiliollack irSUtf li 1 
«B. H5. MnilMliorlobcdy eTNsr SI'ti i KKgo 6 d 
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coJiipliilijly, mid proceed loisuvcly to Kuck out the animal from its 
slioli. Untiiiig open any one of tho arins we may mo tlio yellow 
folds of the stomach ponchos \v\mh extend into each ray ; within 
tho arms, extending alon;; either Kido of the upper surface, are 
also seen tho ovaries, tike chisters of small yellow berries, Tni- 
jucdiatoly heiow these, along the coittro of tho lower floor of each 
ray, runs tho ridgo formed hy tho ambulacral furrow, and upon 
either side of this ridgo are placed the vesicles, hy means of 
which tho tentacles may he filled and emptied at tho will of tho 
animal ; the rest of tlio cavity of the ray is filled by the liver. 
I'lio month, which is surrounded by a circnlar tube, is not fur- 
jiished witli teeth, as tii tho Sca-ui-ctiin ; but the end of each 
ambulacral ridge is liard, thus serving tho purpose of teeth. 



CdhrAla. 



..) 



Our coast, as wc liavo said, is not rJcli in the variety of iStar- 
fisbes. Wo liave two largo sjiccies, one of a dark-!)rown 
color (Fig. 132), tho Astmcanlhion herylimis, and the other, 
the A. ptiUidus, of a pinkisli fitit; then tliero ia the small Ori- 
brclla, inferior in strnctural rank to tho two above montionod. 
(li'ig. 140.) Tiiis p.-etty little Slar-fisli presents tho greatest 
variety of colors; some ai-o 
dyed in Tyrian purplo, others 
liavo a paler shade of tho same 
biie, home ai-c vcrnjilion, others 
a blight oiange or yellow. A 
glass dish fiUod with Oribrollte 
iniglit \ie with a tulij^bod in 
gaycty and vividness of tints. 
Tho disk of the C'ribrella is 
smooth, mstcad of being cov- 
ficd, like tho larger Htar-fishcs, 
ttitli a \ iiicty of prominent iqt- 
poutlagc Tho spines arc ex- 
ci'oihngly short, crowded like 
It is an interesting fact, ilhi-strat- 
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ing again the correapondonee between the adult forms of the 
lower orders and the phases of growth in the higher ones, 
that these spines have an emhryonie character. One would 
naturally expect to find that these small spines of the adult Cri- 
brella would differ from those of the other full-grown Star-fisbes 
chiefly in size, that they would be a somewhat modified pattern 
of the same thing on a smaller scale ; but when examined under 
the microscope, they resemble the spines of the higher orders in 
their embryonic condition ; it is not, in fact, a difference in size 
merely, but a difference in degree of development. The Cri- 
brella moves usually with two of the arms turned backward, and 
the three others advanced together, the two posterior ones being 
sometimes brought so close to each other as to touch for their 
whole length. 

Sippasteria. (Hippasteria pkrygiana Kg.) 

Beside these Star-fishes we have the pentagonal Hippasteria 
(^Hippasteria phrygiana As.~), Hke a red star with rounded points, 
found chiefly in deep water, tliough it is occasionally thrown up 
on the beaches. It has but two rows of large tentacles, termi- 
nating in a powerful sucking disk. The pedicellariEe on this 
Star-fish resemble large two-pronged clasps, arranged principally 
along the lower side. The pentagonal Star-fishes of our coast 
are in striking contrast to the long-armed species we have just 
described ; they are edged with rows of large smooth plates, and 
do not possess the many prominent spines so characteristic of 
the ordinary Star-fishes. 

Ctmodiseus. (Clenoducns cmpalvs D. & K.) 

t. The Ctenodiscus (^Gtenodiscus arispatus D. & K., Fig. 147), an 
inhabitant of more northern waters, but seeming also to be at 
home hero occasionally, is another pentagonal Star-fish, It lives 
in deep water, and frequents muddy bottoms. The pociiliar 
structure of their ambulacra has probably some reference to this 
mode of living, for they are entirely wanting in the sucking disks 
60 characteristic of the other members of this class, and their 
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tentacles are pointed, 
ns if to cnablo tliem 
to work tVieir way 
through the mud in 
which titey make their 
homo. Tito pointed 
tentacles of this genus 
;u-o charactoristio of R 
largo group of Star- 
iishcs, and it is an im- 
poi'lant fact, as show- 
in;; fchcir lower stand- 
ing, that this feature, 
an well as the pentag- 
onal outline, obtains 
in the earlier stages 
of growtli of our moro common Star-fislics, while in tlieir adult 
condition they assume the deeply indontod star-shaped outline, 
and have suekevK at the extremities of the tentacles. 




iSolaster. (^Solasler enileea Fokhks.) 

We find also among Stai'-fishea tho some tendency to multipli- 
cation of parts BO common, among the Polyps and Acalephs. 
Our Solaster (^&'ol{iBier mideca fforbcs), for instance, has no less 
than twelve arms ; it inhabits moro northern latitudes, though 
sometimes found in our Bay ; on the coast of Maine it is quite 
common, and occurs in company with another many-rayed sjwj- 
cies, the Orossaster papposa M. A 'J\ The color of both of these 
Star*fishes is exceedingly varied ; we find in tho Solastor as many 
different Imes as in tlio Cribrella, which it resembles in tho struc- 
ture of its spines, while in the Orossaster bands of difTei'cnt tints 
of red and purple aro arranged eoncentiically, and tho whole suiv 
faee of tlio back is spotted with brilliantly-tinged tiny wreaths of 
water-tubes, crowded round the base of the different spines, which 
are somewhat similar to those of tho Astracanthion. 
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'lluK 11. but tui. vi)CLios(,f (in uiilmiii ((.imsul (l|ilni[i tiib 
111 SfusRdi-lHi^cttB IJij , (lie ^iJiiti Aiii[ihiiii ) ( \M/>/>tii,'i ■''juaiuata 
8aiH), witliloiigslcmki aun-j, iiul (lie ^iiullui (l|iliioiiliohH (Fij^ 
l48),^M(li'.!i(ntu iiici sloiiiLt .urns iml in mIiuIi llu ih^lv is loss 
rompcKt (hm in tin Aiiiplimi i, md i,nl n j. ili ih .luiilii 




AU Ophnii 111 11 (lidiciilt lo find iioin tlicu i \ifcdiiij '•liino s , 
they hidt (huiivf-hcs m Hio dukot,t emtu,s, iiid tlioujjh no t>i 
specks h-np jtt b(,oii detected in tlmiii thiy mnst lia\o somu 
quick pucoj»Uoii of coming danger foi it tlie fciitlcst ippioadi 

tlicyinMinn> di iw nvn ami (.heitci Ihinisfhrs in tlson iiu 
rctvi;at.s 
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Tlicy diftbr from flie Star-fislios in having thu dShk uiitiroty 
distinct k'om the arms ; that is, tho arms, iiistoad of niorgiug 
gradually into tlic disk, start at oiico from its margin. Tlioy 
liave no interambulacral spaces or plates ; but tho wliolo upper 
exn-face is formed of large hard plates, which extend from tho 
back over tho Hides of the arms to their lower surfacu, whoro 
they form a sti'aight ridj^o along the centee. (JPig. 149.) Tho sides 
of those plates aro pierced with holes, through which tho teji- 
tacles pass ; tliese haYo not, like those of tho Sta^-ilshes and 
Sea-tirchins, a sucker at the extremity, but are covered with little 
warts or taljorclos (i'ig. 150) ; tlioy are their locomotive ap- 





I, and their way of moving is curious ; they iirst extend 
Olio of tho arms in tho direction in which they mean to move, 
thou bring forward two others to meet them, three arms being 
(hus usually in advance, and then they drag the rest of the body 
on. They move with much more rapidity, and scorn more active, 
than the Star-fishCH ; probably owing to tho greater indopondence 
of tho arms from tho disk. Tho spines project along the mai'- 
giu of tho arms, and ]iot over tho wliolc surface, tho back of tiio 
arms being perfectly free from any appendages, and ]>resontlng 
only the surfaco of tho plates. Tho madreporie body is formed 
by a plate on the lower side of the disk, in a position oorrospond- 
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ing to that which it occupies in the young Star-fish ; this plate 
is one of the large circular shields occupying tho interambulacral 
spaces around the mouth. (Mg. 149.) On each aide of the arms, 
where they join the disk, are slits opening into the ovarian pouches. 
They have no teeth ; but the hard ridge at the oral end of the 
ambulacra, extending toward the mouth in Star-fish, is still more 
distinct and sharper in the Ophiurans, approaching more nearly 
the character of teeth. 



Astrophlfton. {Astrophylon Agasxizii Stimp.) 

A singular species of Ophiuran, known among fishermen as the 
" Easket-fish," (Fig. 151,) is to be found in Massachusetts Bay. 
Its arms are very long in comparison to the size of the disk, and 
divide into a vast number of branches. In moving, the animal 
lifts itself on the extreme end of these branches, standing as it 
were on tiptoe (Fig. 151), so that tho ramifications of the arms 
form a kind of trellis-work all around it, reaching to the ground, 
while the disk forms a roof. In this living house with latticed 
walls small fishes and otJier animals are occasionally seen to take 
shelter ; but woe to the little shrimp or fish who seeks a refuge 
there, if he be of such a size as to offer his host a tempting mouth- 
ful ; he will fkre as did the fly who accepted the invitation of 
the spider. These animals are exceedingly voracious, and some- 
limes, in their greediness for food, entangle themselves in fishing 
lines or nets. When disturbed, they coil their arms closely around 
the mouth, assuming at such times a kind of basket-shape, from 
which they derive their name. 

This Basket-fish is honorably connected with our early colonial 
history, being thought worthy, by no less a personage than John 
Winthrop, Governor of Connecticut, who, as he says, " had never 
seen the like," to be sent with " other natural curiosities of these 
parts " to the Royal Society of London, in 1670. He accom- 
panies the specimen with a minute description, omitting " other 
particulars, that we may reflect a little upon this elaborate piece 
of nature." His account is as graphic as it is accurate, and we 
can hardly give a better idea of the animal than by exti'acting 
some portions of it. " This Ksh," he says, " spreads itself from 
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)t, which incompassotli the Mouth (being in the 
middle), into 5 main Limbs or branches, each of which, just at 
issuing out from the Body, subdivides itself into two, and each of 
these 10 branches do again divide into two parts, making 20 lesser 
branches ; each of which again divide into two smaller branches, 
making in all 40. These again into 80, and these into 160 ; and 
these into 320 ; these into 640 ; into 1280 ; into 2560 ; into 5120 ; 
into 10,240; into 20,480;. into 40,960; into 81,920; beyond 
which the further expanding of the Fish could not be certainly 
trac'd"; — a statement which we readily believe, wondering only 
at the patience which followed this labyrinth so far. 

In a later letter, after having had an interview with the fisher- 
man who caught the specimen, and, as he says, " asked all the 
questions I could think needful concerning it," tlie Governor pro- 
ceeds to tell us that it was caught " not far from the Shoals of 
Nantucket (which is an Island upon the Coast of New England)," 
and that when " first puU'd out of the water it was like a basket, 
and had gathered itself round like a Wicker-basket, having taken 
fast hold upon that bait on the hook which he " (the fisherman) 
" had sunk down to the bottom to catch other Pish, and having 
held that within the surrounding brachia would not lot it go, 
though drawn up into the Vessel ; until, by lying a while on the 
Deck, it felt the want of its natural Element ; and then voluntarily 
it extended itself into the flat round form, in which it appear'd 
when present'd to your view." The Governor goes on to reflect 
in a pMlosophical vein upon the purpose involved in all this com- 
plicated machinery. " The only use," he says, " that could be 
discerned of all that curious composure wherewith nature had 
adorned it seems to be to make it as a purse-net to catch some 
other fish, or any other thing fit for its food, and as a basket of 
store to keep some of it for future supply, or as a receptacle to 
preserve and defend the young ones of the same kind from fish 
of prey ; if not to feed on them also (which appears probable 
the one or the other), for tliat sometimes there were found pieces 
of Mackerel within that concave. And he, the fisherman, told 
me that once he caught one, which had within the hollow of its 
embracements a very small fish of the same kind, together with 
some piece or pieces of another fish, which was judged to be of a 
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Mackerel. And that small oue ('t is like) was kept either for its 
preservation or for food to the greater ; but, being alive, it seems 
most likely it was there lodged for safety, except it were acci- 
dentally drawn within the net, together with that piece of fish 
upon which it might be then feeding," The account concludes 
by saying, " This Fisherman could not tell me of any name it 
hath, and 't is in all likelihood yet nameless, being not commonly 
known as other Msh are. But until a fitter English name be 
found for it, why may it not be called (in regard of what hath 
been before mentioned of it) a Baskel^Msh, or a Netr-Fish, or a 
Pwrs-ne^Fish ? " And so it remains to this day as the G-overnor 
of Connecticut first christened it, the Baskefrfish. 



CRINOIDS. 



The Crinoids are yery scantily represented in the present crea- 
tion. They had their day in the earlier geological epochs, when 
for some time they remained the sole representatives of their class, 
and were then so numerous that the class of Echinoderms, ■with 
only one order, seemed as full and various as it now does with 
five. The different forms they assumed in the successive geo- 
logical periods are particularly instructive ; these older Crinoids 
combined characters which foreshadowed the advent of the Ophi- 
urans, the true Star-fishes, and the Sea-urchins ; and so promi- 
nently were their prophetic characters developed, that many of 
them are readily mistaken for Star-fishes or Sea-urchins. 

In later times the group of Crinoids has been gradually 
dwindling in number and variety. Its present representatives 
are tlie Pentacrini of Porto Rico and the coast of Portugal, the 
lovely little Eliizocrinus of the Atlantic, dredged first by the 
younger Sars on the coast of Norway, attached throughout life to 
a stem, and tlie Comatula, which has a stem only in the early 
stages of its growth, but is free when adult. Tlie Pentacrinus 
bears the closer relation to the more ancient Crinoids (Fig, 152), 
which were always supported on a stem, while it is only in more 
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recent periods that "we find the free Crinoids, corresponding to 
the Gomatula. 



Comatula. {Aledo meridionalis Ag.) 

One large species of Oomatula (^Alecto Hschrichtii M. & T.) 
is known on our coast, off the shores of Grreenland, where it 
has been dredged at a depth of about one hundred and fifty 
fathoms, and young specimens of the same species have 
been fonnd as far south as Eastport, Maine. The species 
selected for representation here, however, (Fig. 153,) is one 
quite abundant along the shores of South Carolina. It is intro- 
duced instead of the northern one, because the latter is so rare 
that it is not likely to fall into the hands of our readers. The 
annexed drawing (Fig. 164, magnified from Fig. 153) repre- 
sents a group of the young of the Charleston Comatula, still at- 
tached to the parent body by their stems, and in yarious stages of 
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pct^sliajwd inoboaeis. 
On tliQ o|)posilo side 
oi' ilio disk tho Oo- 
iiiatnla is CDViH'Od 
with plates, anangod 
regularly around a 
central plate, whicli 
is itself covorod with 
long cirri. 
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We are indebted to Thompson for the explanation of the true 
relations of the young Comatula to the present Pentacrinus and 
the fossil Crinoids. Supposing these young to be full-grown 
animals, he at first described them as living representatives of 
the genus Pentacrinus ; it was only after he had watched their 
development, and ascertained by actual observation that they 
dropped from their stem, to lead an uidependent liffe as free 
Comatulse, that he fully understood their true connection with 
the past history of their kind, as well as with their contemporay 
ries. In Fig. 153, a faint star-like dot (^) may be seen attached 
to the side of the disk hy a slight line. In Fig, 154, we have 
that minute dot as it appears under the microscope, magnified 
many diameters ; when it is seen to be a cirrus of a Comatula, 
with three small, Pentacrinus-like animals growing upon it, in 
different stages of development. In the upper one, the branching 
arms and the disk, with its many plates, are already formed ; 
and though in the figure the rays are folded together, they are 
free, and can be opened at will. In tlie larger of the two lower 
buds, the plates of the disk are less perfect, and the arms are 
straight and simple, without any ramifications, though they are 
free and movable, whereas, in the smaller one, they are folded 
within the closed bud. 



EMBKYOLOGY OF ECHINODERMS. 

AH Radiates have a special mode of development, as distinct 
for each class as is their adult condition, and in none are the 
stages of growth more characteristic than in tlie Echinoderms. 
In the Polyps, the division of the body into chambers, so marked 
a feature of their ultimate structure, takes place early ; in the 
Acalephs, the tubes which traverse the body are hollowed out of 
its mass in the first stages of the embryonic growth, and we shall 
see that in the Echinoderms also, tlie distinctive feature of their 
structure, viz. the enclosing of the organs by separate walls, 
early manifests itself. This peculiarity gives to the internal 
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structuru or thoso animals so iucliviiiual a diameter, that ifoma 
naturaliBts, overloofeiiig tho law of radiation, as prevalent in them 
as in any membore of this division, have Iteoii inclined to Kcparato 
tliom, as a primaiy division of the animal kingdom, from the 
Polyps and Acalaphs, in both of which the body-wall fiiniishos 
the walls of tho different intonial cavities, cither by folding in- 
wardly in such a manner as to enclose them, as in the Polyps, 
or by tho cavities themselves being hollowed ont of fhe general 
mass, as in the Acalophs. 

Stur-fish. (AilracantliUni.) 

'I'lio (jgg of the 8tar-fish, when first formed, is a transparent, 
Bpborieal body, enclosing. the gorminativo vesicle and dot. (Sea 
Kg. 165.) As soon as those disappear, the segmentation of the 
yolk begins ; it divides first into two portions (see IHg. 156), 
then into four, then into eight, and so on ; but when there are 
no more than eight bodies of segmentation (see l'"ig. 157), they 






already Khow a disposition to arrange themselves in a hollow 
aphero, oncl(»ing a space within, and by the time tho segmenta- 
tion is completed, tliey form a continuous spherical shell. At thin 
time tlie egg, or, as we will henceforth call it, the embryo, escapes 
and swims freely about. (See Pig. 158.) The wall next begins 
to thin out on one side, while on the opposite side, which by com- 
parison becomes fiomowhat bulging, a deprcasion is formed (mia, 
Pig. 169), gradually elongating into a loop hanging down withiji 
tho little animal, and forming a digestive cavity, (rf. Pig. 160.) 
At this stage it jnnch resembles a young Actinia. The loop 
s somewhat at its upper extremity, and at its lower end is 
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fm opening, which at this poriotl of the animal's life Borves a 
doiiblo purpose, that of mouth and anus also, for at this opening 
it both takes in and rejects its food. Wo shall sco that before 
long a true mouth is formed, after wlisch this first aperture takes 
ila place opposite the mouth, retaining only the function of tlta 
anus. Presently from the upper bulging extremity of the diges- 
mK- iM- FiK. J69. riK. 180. m- isi- 




tivo cavity, two lappets, or little pouches, project (ww'.Mg. 161) ; 
they shortly become completely separated from it, and form two 
distinct hollow caTJties (wv/, E'ig. 182), Hero begins tho true 
history of tlio young Stai'-fisli, for these two cavities will develop 
into t^vo water-lubes, on ono of which the back of ihc Star-fish, 
that is, its u])))or surfiicio, covered witli s])iucs, will be developed. 




wliilo on tho other, tlic lower surface, with tho suckers atul teiitOr- 
clcs, will arise. At a very early staj^o one of these water-tubes 
(w'j Fig. 168) conncefs with a smaller tube opening outwards, 
which is hereaft«r to be the madro])orie body (^, Fig, 163). 
Almost until tlie end of its growth, those two surfaces, as wo 

Ifig. 169. Lsrva lomewhit oMft Uian Pig. 1SS | m a UeiuTUWlmi Bt (Mckcneil jis!;. 

FiK. 160. I.srvR irlicie (he deprtsifoa baa Iwmrae a itlK^tloi eirrii^ tl, oiKiittse "! a. 

Fig. 161. EarleU, 10 ui' (HflitMutiti), dsMloped at Iha eximulty o( ths <ll);«lfvi! <;*vif j d ; m uiouUi, 

>"lg. Mi. Mora arl»Bii«il iHrm j adc dlgiilSve nyalem, u vHiiiiillo cherd, m mouib. 

Fig. 163. ProtlLe vlgii of lartB ] b nisilisporla opsning, ^o'tt^Ell!^ ud rtlsiaiivo nj-sWin, m moulll, 

tig. IBi, larva showriiK iikbIb of forioalLuii of tiHulb in, hf Iwnaiua of ais^itlvs esvity o. 
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Bliatl sec, remain sepavatc, and form an opoii angle witli one 
another ; it ie only toward tho end of tlio development that they 
unite, ondoKing between thoni tlio internal organs, wliicli liave 
been built xip in the mean wliile. 

At about tiio same time with the development of these two 
pouclies, so important in the animal's ftUiire history, the digestive 
cavity boconipK lilightly curved, bending its xijjpor end sideways 
till it meets the outer wall, and forms 
,'i ,i a junction with it (^r, Fig. IM), At 

this poiitt, when the juncture takes 
place, an aperture is presently formed, 
which is the trnc month. The diges- 
tive sac, which has tlnis far served as 
the only ititernitl cavity, now contracts 
at ceitain distances, and forms throe 
distmct, though connected cavities, as 
m Pig. 16§ ; viz. the msopltagus lead- 
ing dii-ectly from the moutli (m) to the 
<.econd cavity or stomach (rf), which 
opens in its tnin into the third ciivity, 
the ^imentaiy cnial Sroinnhilo the watoi'-tHbes have been 
olongatmg till thej now &uiiound the digestive cavity, extending 
on the other side of it beyond the moiith, whew thoy unite, thus 
forming a Y-shaped tnbe, nairawing at one oxti-cmity, and divid- 
ing mto two biundiei towaid the otiior end. (Fig. 165.) 

On tho sulfate ishcic the mouth is formed, and very near it on 
eitliei Side, two small aics aiiso, as v in Fig. 162 ; tlieso are cords 
consisting entirely of vibratile cilia. They am Uie locomotive 
organs of the yoniig embryo, and tbey gradually extend until 
they rcKpectivoly eneloae nearly the wliolo of the upper antl lower 
half of tho body, forming two largo shields or plastroJis. (Mfpi. 
165, 166.) The corners of these Khiolds project, slightly at first 
(Fig. 165), but elongating more and more until a number of 
ai-ins arc formed, strotching in various directions (Fi^. 100, 167), 
and, by their constant upward and downward play, moving the 
embryo about in the water. 
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At tliiif stage of tho growth of tlio embryo, we have what sonma 
quite a complicated stmoture, and might bo taken for a completo 
animal ; tliis is &t^x all but tbo prolude to its tviie Star-fisli exisi- 
ojico. WMle these various appendages of the embryo have beow 
foi'Ming, ehangos of another kind have token place; on one of tho 
FrK- 166. 




two water-tubcK above mentioned («w')j ^^ til's ^"^ ncaroKt tlie di- 
gestive cavity, a n^imber of lobes aro formed (f , B'ig. 166) ; this is 
the first appearance of tbo tentacles. In the same region of tho 
opposite wator^tiibo (w) a number of little limestone rods arise, 
which eventually unite to form a continuous network ; this is the 
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beginning of the back of Uio Star-fish (r, Fig. 166), from wliicli the 
spines will presently project. When this proeosa is completo, the 
whole embryo, with the exception of tlio part whoro the young 
Star-fish is placed, grows opaque ; it fades, as it were, begins to 
dirink and contract, and presently drops to the bottom, wlioro 
it attaches itself by means of 
slioit arms (//', Eig. 166), 
covered with warts, whicli act 
, as suckers, and are placed just 
above tlie mouth. As soon as 
tho Star-fish has thus secured 
. itself, it begins to resorb the 
whole oxtonial stnictmo do- 
eeribed above ; tho water-tubes, 
the plastrons, and tlie compli- 
cated systeni of arms eonuected 
' with tliein, disappear within the 
little Star-fish ; it swallowa up, 
so to speak, the first stage of ifef 
own existence ; it devours its 
own larva, which stow beeoincs 
part and parael of the new ani- 
' mal. Next tho two surfaces, 
the back and lower surface, on 
which tho arms are now marked 
out, while tlio tonfcaclM, suck- 
(ips, and spines have already 
assuniod a certain projuinonco, 
appi-oaoh each other. At this 
time, however, tho arms are 
not in one plane ; both the back 
and the lower Hurfaee arc 
curved in a land of spiral ; ilicy begin to flatten ; the anus spread 
out on one level, — and now the two surfaces draw together, 
meeting at tlic circumference, and enclosing between tliom the 
internal organs, which, as wo have Been, arc already formed and 
suri'ouudcd by walls of their own, before the two walls of tlie bod), 

i'isi. ISJ. rin. I69iC8n In pmaie, ieUeilng sslftloM. 
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closo (luiH over tliom. If'ig. 168 niprosciifs tlic vippur Kuvface of 
the Stiir-lish jiiHt before this jiiiiolioiii talcos jjlaco. Tho compli- 
cated structure of tho Biaohiohtrta, as the larva of the Star-fish 
has been cal!<!(t, hithorto so essential to the life of tho animal, hy 
which it lias boon supported, moved about in the water, and pro- 
vided wiSi food during its immature condition, has mado a final 
contribution to its further dovolopment by the process of resorp- 
tion described above, and has wholly disappeared witliin the Btar- 
fish. At this stage the rays are only just marked out, as five 
lobes around tho margin ; Fig. 169 represents tho lower surface 
at tlie same moment, with the open mouth (m), around which 




tbo tentacles <l) are just begi-n -^ ... ■ : ■' ■ ::■ '■■' 
shows UK the animal at a more advanced stage, after tho two sui-- 
faces have imitcd. It has now somewhat tho outline of a Maltcso 
<;r(KS, the five arms being more distinctly marked out, wliilo tho 
tentacles have already attained a considerable length (Fig, tTl), 
and tho d(nsal plates havo become quite distinct. Fig. 1T2 rep- 
resents tho same animal, at tlic same ago, in prafilo. Tliis period, 
in which wa have compared tho form of tho Star-fish to that of a 
Maltese cross, is one of long duration ; two or tlirco years must 
elapse bcforo tho arms will elongate sulVieiontly to give it a star- 
sliapcd form, and before the pcdiceJlaria; make tlieir appearance, 

VifS. tea. ainr-flsh nhfch hn.1 Ju>t reucbcd [he luva, nKii frnin lliolxicki d inMiepu^ixiiMiibiK. 
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and it is only tlicu that it can bo at oiico recognized as tho young 

of ouv conmioii St^ir-i'iKh. "lOvon tiiert, afEer it hiis assxtmod ibi iilti- 




iiiito outline, it laekH kojiio features of tho adult, having only two 
o\VH of toninclcs, wJwrcas tlio full-grown Stav-fisii linn four. 



Tiiis extraordinary process of development wliich we have ana- 
lyzed thus at length in tho history of the Star-fish, but which it 
gig, n*. 





i^qually true of all J-lelunoderjun, bus hcou hitherto dcseribod (so 
far as it was known) under tho name of tho phitean stajfos of 



»!«!. 193, lU, 175. 



lifit b ina^repoite body, e tye^p^ck. 
Ilfftreni (loxci of deielopinf lit 1 e'-e' 
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p:rowtli. Ill tlu^se early fitages tlie yomig, or tlio so-califid Ini-vfo 
of Echinoderins, liavo leccivcd tlic name of Pluteus on account 
of thoir ever-changing fornis. Lot \if) look for a moment at the 
plnteas Btages of the Scit-iitchin, as thoy differ in some points 
from those of the Btai^fish. In the Pluteus of our eommoti 
Sea-urchins (sec Fig. 176), the arms are supported by a frame- 
work of solid limestone rods, which do not exist in that of 
tlio Sfeir-flsh, miA which give to the lai-va of the Sea-\ueliin a re- 
markable rigidity. They are formed very early, as may bo seon 




hi Kg. JV;'., i-cpi-esenting the little Sea-urchin before any arms 
are discorniblo, though tho lim^tone rods are quite distinct. 
lHg8, 173, 174, 176, may be compared with Figw. 160, 162, 166, 
of the young Star-fish, where it will be seen tliat tho general out- 
line is very similar, though, on account of the limeBtono rods, tho 
Pluteus of the Sea-ui-chin Kcoms Bomcwhat more comfilicated. In 
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Tijt;. 176 thf! young Soa^uicliiii has so far oiieroached iipou tha 

I'ilitiiuK tliat it forms tlic HHsential part of tho body, tho arms and 

Fig, 1V8. 




rods appearing as mora a])j: ■ ;^ . 'i,. If T mIio •■ '■ le 

animal wlien via looked down upon it in its natural atlitudo ; tlio 
Soa-iirchin is CRvriod downward, and the arms stretch in ovory di- 
rection around it. In I'ig. 178 tho Plutcus is already in process 
of absorption ; in Fig, 179 it has wholly disappeared ; in Xi'igs. 
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180 and i« 1 wc! li.ive (lifForont stages of tlic little Hoa-itrchin, with 
its Kpines and suckers of a largo sm and in Tull jtctivity. Tho 




appearaiico of the Boamrcliin, as soon as tliis larva or I'lutciis is 
coiiiplotoly absorbed, is much inoro like thai of the adult than ia 
the Stiir-fish at the same stagCK, in ivliidi, aw ^vc have mi-.n, thcro 
is a transition period of considovaljlL' darntii)ii. 
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Fig. 183 rojjresenta an Opliiucau undergoing the fiamu process 
of growth, at a period when the larva is most fully dcvclopcdj and 
bofora it begins to fail. By tho Hmesfone rods wliicii support the 
arras, tlie I'Jutena of tho Opbiuran, liero ropresontfid, rosombles 
that of the Soa-iirehin moro tlmn that of the Star-fish, while by 
tho cliavaeter of tho water-tubes and by its internal oiganination 
it is inoro closely allied to tito latter. It differs from both, how- 
ever, in the immonse length of two of tho anns ; these arms 
being the last signs of its plat«an condition to disappear ; when 
tho young Ophiurau has absorbed almost tho whole Piutous, it 
still goes wandoijng about with those two inunonhO appendages, 
wliich finally shavo tho fato of all tho vent. Fij;. 182 represents 




an Ophiuran at tlio moment when tlio procef«s of resorption is 
nearly comploted, thongli tho arms of tho Plutous, greatly di- 
minished, are still io bo soon protruding from tiio surface of tho 
animal. 
This mode of dovolopment, though common to ail J'Jchino- 
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dorms, appears under very different conditions in Bome of them. 
There ai-e certain Star-fislics, Ophiurans, and Tlolothnrians, j)a.«s- 
ing tlnoiigh tliolr development \iiidor what is known aa the 
sedentary pMcoss. Tho eggs aro not laid, as in the cases de- 
scribed a))ovo, but aro carried in a sort of poncli over tho raoutii 
of the parent animal, where they remain till tlioy attain a stago 
corresponding to that of Fig. 168 of tlio Stai^ftsli, and having 
much the same cross-shaped outline, wlion they escape from tho 
i„i,i,.i, /^t. ^^.,. „r,...,„ 'i-i'i-Hiolis, Fig. 184), and swim about for 
:. Fig. 185 ropreseiits a cluster of 




young Stor-fishcs of the sedentary Idnd at about this period. Hut 
while this mode of growth seems at fust eight so difterent, wo shall 
find, if we look a littlo closer, that it is cssontially tlio samo, and 
that, tliough the circumstances undor \vhich tho dcvolopniont takes 
place aro changed, tho process does not differ. Tho little SfiU-- 
fish or Ophiuvan, in tho poueh, becomes surrounded by tho same 
plutoan structure as those wliieh aro laid in tho egg ; it is only 
more contracted to suit the narrower space in which tlioy have to 
move ; and tlio water-tubes on which tho upper and lower sui^ 
faces of the body arise, the sliiclds, spreading out into arms at tho 
corners, exist, fully developed or rudimentary, in the ono as Jiiuch 
as in the other, and wlicn no longer necessary to its external ex- 
istence they aro resorbcd in tho samo way in both cases. This 
singular process of dovolopraont has no parallel in the animal 
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kingdom, although the growth of the young Echinoderm on 
the Brachiolaria may at first sight remind us of the budding of 
the little Medusa on the Hydroid stock, or even of the passage of 
the insect larva into the chrysalis. But in both these instances, 
the different phases of the development are entirely distinct ; the 
Hydroid stock is pennanent, continuing to live and grow and per- 
form its share in the cycle of existence to which it belongs, after 
the Medusa has parted from it to lead a separate life, or if the 
latter remains attached to the parent stock, after it has entered 
upon its own proper functions. The life of the caterpOlar, 
chrysalis and butterfly, is also distinct and definitely marked ; the 
moment when the animal passes from one into the other cannot, 
be mistaten, although the different phases are carried on suc- 
cessively and not simultaneously, as in the case of the Acalephs. 
But in the Echinoderms, on the contrary, though the aspect of the 
Brachiolaria, or plutean stage, is so different from that of the adult 
form, that no one would suppose them to belong to the same ani- 
mal, yet these two stages of growth pass so gradually into one 
another, that one cannot say when the life of the larva ceases, and 
that of the Echinoderm begins. 

The bearing of embryology upon classification is becoming 
every day more important, rendering the processes of develop- 
ment among animals one of the most interesting and instruc- 
tive studies to which the naturalist can devote himself, in the 
present state of his science. The accuracy of this test, not only 
as explaining the relations between animals now living, but as 
giving the clew to their connection witli those of past times, can- 
not but astonish any one who makes it the basis of his investiga^ 
tions. The comparison of embryo forms with fossil types is of 
course difficult, and must in many instances be incomplete, for 
wbUe, in the one case, death and decay have often half destroyed 
the specimen, in the other, life has scarcely stamped itself in 
legible characters on the new being. Yet, whenever such com- 
parisons have been successftiUy carried out, the result is always 
the same ; the present representatives of the fossil types recall in 
their embryonic condition the ancient forms, and often explain 
their true position in the animal kingdom. One of the most re- 
markable examples of this in the type we are now considering, 
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is that of the Oomatiila already mentioned. Its condition in 
the earlier stages of growth, when it ia provided with a stem, at 
once shows its relation to the old stemmed Crinoids, the earhest 
representatives of the class of Echinoderms. 

These coincidences are still more striking among living ani- 
mals, where they can be more readily and fully traced, and often 
give us a key to their relative standing, which our knowledge of 
their anatomical structure fails to furnish. This is perhaps no- 
where more distinctly seen than in the type of Radiates, where 
the Acalephs in their first stages of growth, that is, in their Hy- 
droid condition, remind us of the adult forms among Polyps, 
showing the structural rank of the Acalephs to be the highest, 
since they pass beyond a stage which is permanent with the 
Polyps ; while the adult forms of the Acalephs have in their turn 
a certain resemblance to the embryonie phases of the class next 
above them, the Echinoderms. Within the limits of the classes, 
the same correspondence exists as between the different orders ; 
the embryonic forms of tlie higher Polyps recall the adult forms 
of the lower ones, and the same is true of the Acalephs as far 
as these phenomena have been followed and compared among 
them. In the class of Echinoderms the comparison has been 
carried out to a considerable extent, their classification has 
hitherto been based chiefly upon the ambulacral system, so 
characteristic of the class, but so unequally developed in the 
different orders. This places the Holothurians, in which the 
ambulacral system has its greatest development, at the head of 
the class ; next to them come the Sea-urchins or Echinoids ; 
then the Star-fishes ; then tlie Ophiurans and Crinoids, in which 
the ambulacral system is reduced to a minimum. Another 
basis for classification in tliis type, which gives the same re- 
sult, is the indication of a bilateral symmetry in some of the 
orders. In the Holothurians, for instance, there is a decided 
tendency toward the establishment of a posterior and anterior 
extremity, of a right and left, an upper and lower side of the 
body. In the Sear-urchins, in many of which the mouth is out 
of centre, placed nearer one side than the other, this tendency 
is still apparent, while in the three lower groups, the Star-fishes, 
Ophiurans, and Crinoids, it is almost entirely lost, in the equal 
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divisioQ of identical pai'ts radiating from a common centre. A 
comparison of the embryonic and adult forms in these orders, 
confirms entirely this classilieation based upon structural features. 
The Star-fishes, in their earlier stages, resemble the mature Ophi- 
urans, while the Crinoids, the lowest group of all, retain through- 
out theh whole existence many features chEiracteristic of the 
embryonic conditions of the higher Echinoderms. In this prin- 
ciple of classification, already so fertile in results, we may hope to 
find, in some instances, the solution of many perplexing points 
respecting the structural rank of auimala, the confirmation of 
classifications already established ; in others, an insight mto the 
true relations of groups which have hitherto been divided upon 
purely arbitrary grounds. 
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DISTRIBUTION OP LITE IN THE 
OCEAN. 

We hare seen that while our bay is rich in certain species, it is 
wholly deficient or but scantily suppKed with others, and that 
the character of the animals inhabiting its waters is more or less 
directly connected with general physical conditions. Such an 
area, limited though it be, gives us some insight into the laws 
which, in their wider application, control the distribution of ma- 
rine life along the shores of the most extensive continents. The 
coast of Massachusetts, taken as a whole, is like that of New 
England generally, a rocky coast ; yet it has its sandy and muddy 
beaches, and though it lies for a great part open to the sea, it has 
nevertheless its sheltered harbors, its quiet bays and snug re- 
cesses. 

A comparison of these limited localities with far more exten- 
sive reaches of shore, where similar physical conditions prevail, 
shows that they reproduce, in fainter and less various characters 
of course, in proportion to their narrower boundaries, but still 
with a certain fidelity, the same combinations of animal and 
vegetable life. In other words, a sandy beach, however small, 
gives us some idea of the nature of the animals we may look for 
on any sandy coast, as, for instance, clams of various kinds, 
razor-shells, quahogs, snails, &c., creatures who can penetrate 
the sand, drag themselves through it or over it, leaving their 
winding trails as they go, and to whom the conditions prevailing 
in such spots are genial. So the narrowest mud flat on the sear 
shore or muddy beach will give us the same dead and inanimate 
aspect which characterizes a more extensive coast of like charac- 
ter, where the gases always generated in mud are deadly to many 
kinds of animals. The beings who find a home in such localities 
are of closely allied species, chiefly a variety of worms, who bui^ 
row their way into the mud, and seem to court the miasma so 
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fatal to other creatures. The aajne is true of any stony beach or 
rocky shore not more than a quarter of a mile in length ; it gives 
us an idea of the animal population on any similar coast of great- 
er extent. 

These correspondences are of course modified by difference.'i 
in climatic conditions. The animals on a sandy beach or a rocky 
shore, on the coast of Great Britain, for instance, are not absolute- 
ly identical with those of a sandy beach or a rocky shore on the 
coast of New England, but they are more or less nearly related 
to them. Naturalists refer to this reiteration, ail the world over, 
of like organic combinations under similar circumstances, when 
they speak of " representative species." The aggregate result is 
the same, though tlie individual forms are slightly modified. 
And here hes one secret of the infinite variety in nature, hy 
which the old seems ever new, and the same thought has an eter- 
nal freshness and originality, endlessly repeated, yet never hack- 
neyed. 

In this sense our bay presents, on a miniature scale, a variety 
of physical and organic combinations, which may be compared to 
those more extensive divisions in the geographical distribution of 
animals and plants, called by naturahsts zoological or botanical 
provinces or districts, tlie animal and vegetable populations of 
■which are technically designated as tlieir faun^ and florEe. Such 
organic realms, as we may call them, have long been recognized 
on land, and the most extensive among them are easily distin- 
guished. No one will fail to recognize the ti'opical zone, with its 
royal dynasty of palms and all the accompanying glories of a trop- 
ical vegetation, its birds of briUiant plumage, its large Majnmalia, 
lions, tigers, panthers, elephants, and its great rivers haunted by 
gigantic reptiles. Nor is the representation of vegetable and ani- 
mal life less characteristic in the temperate zone, where the oak 
is monarch of the woods, with all his attendant court of elms, 
walnuts, beeches, birches, maples, and the like, where birds of 
more sober hues, but sweeter voices, take the place of the bril- 
liant parrots and many-tinted humming-birds of the tropical 
forest ; while buffeloes, bears, wolves, foxes, and deer represent 
the larger Mammalia. In the arctic zone, though marked by 
peculiar and distinctive features, vegetation has dwindled to a 



d by Google 



DISTRIBUTION OF IIFE IN THE OOEAH. 143 

ti ; tho birds are chiefly gulls and ducks, ■which go 
there for the breeding season in the summer, and the reindeer 
and polar bears are almost sole possessors of the snow and ice- 
fields ; but this meagreness in the representation of the larger 
land Mammalia is amply compensated in the numbers of heavy 
aquatic Mammalia, the whales, walruses, seals, and porpoisos of 
the Arctic seas. 

During the last half-century, since the geographical distribu- 
tion of animals and plants has become a subject of more cai'eful 
investigation among naturalists, these broad zones of the earth's 
surface, with their characteristic populations and vegetation, have 
been subdivided, according to more limited and special combinar 
tions of organic forms, into narrower zoological and botanical 
areas. The application of these results to marine life is however 
of much more recent date, and indeed it would seem at first 
sight, as if the water, from Its own nature, could hardly impose a 
barrier so impassable as the land. The localization of the marine 
fauuEe and flor^ is nevertheless as distinct as tliat of terrestrial 
animals and plants, and late investigations have done much 
to explain the connection of this distribution with physical con- 
ditions. 

A glance at the coast of our own continent, starting from tlie 
high north and making the circuit of its shores, from Baffin's 
Bay to Eehring's Straits, will show us to what a variety of physi- 
cal influences the animals who live along its shores are subjected. 
On the shores of Baffin's Bay, especially on the inner coast of 
Greenland, where the glaciers push their way down to the very 
brink of the water, and annually lamich their southward-bound 
icebergs, we shall hardly expect to find a very abundant littoral 
fauna. On its western shore, where the ice does not advance so 
far, and a greater surface of rock is exposed, the circumstances 
are more fevorable to the development of animal life. Here 
abound tho winged Mollusks (Pteropoda), often swept down to 
the coast of Nova Scotia by tlie cold current fl'om Baffin's Bay ; 
the " whale feed," as the fishermen call them, because the whales 
devour them voraciously. Here occm' also many compound 
Mollusks, especially a variety of Ascidians, and the highly colored 
stocks of Eryozoa. With them is found the Comatula of the 
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northern waters, one of the few modern Crinoids, and beside 
these a number of Star-fishes, Searurchins, and Holothurians, not 
differing so essentially from those already described as to rec[uire 
special mention. 

Along the shore of Labrador and Newfoundland, the coast is 
wholly rocky, and especially about Newfoundland it is deeply in- 
dented with bays. Here there is ample opportunity for the 
growth of certain kinds of animals in sheltered nooks. The 
number of species is, however, much greater along the shores of 
Maine, Nova Scotia, and New Brunswick than in Labrador, 
owing no doubt to the milder climate. The beautiful shore of 
Maine, with its countless islands, and broken, picturesque outline, 
is very rich in species. Parts of this coast are remarkable for a 
variety of naked Mollusks, as well as for the great numbers of 
bright-colored Actinite, and also for the more brilliant kinds of 
Holothurians, the Cuvieria, and the like. The latter are especially 
abundant in the Bay of Fundy, and here also occurs the only 
Northern representative on our coast of the Seor-fans or Gorgonige, 
so common on the shores of Florida. 

Farther south, from Cape Cod to Cape Hatteras, the character 
of the coast changes ; it becomes more sandy, and though iiere 
and there the aspect is varied by a rocky promontory or a stony 
beach, yet the general character is flat and sandy. With this 
new character of the shore, the fauna is also greatly modified, and 
it is worthy of remark, that while thus far the representative 
species have reflected the character of animals to the north of 
them, they now begin to represent rather those of the Carolina 
shores. South of Cape Cod come in a kind of Scallop and Peri- 
winkle, very different from the larger Scallops found on the coast 
of Maine and the British Provinces ; our Sea-urchin is replaced 
by the Echinocidaris, witli its few long spines, and an entirely new 
set of Crustacea and Worms make their appearance on this more 
sandy bottom. And here we must not forget that not only is the 
aspect of the animal life changed, as we pass from a rock-bound 
to a sandy coast, but that of the vegetation also. The various 
many-tinted sea-weeds of the rocky sliore disappear almost en- 
tirely, and their place is but poorly supplied by the long eel- 
grass, which is almost the only marine plant to be found in such 
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a locality. Beside its more sandy character, the coast from Cape 
Cod to Cape Hatteras is affected by the large amount of fresh 
water poured into the feea along its whole line, greatly modifying 
the character of the shore animals. The Hudson, the Delawai-e, 
the Susquehanna, the Potomac, tSie James, the Roanolce, and the 
large estuai'iea connected with some of these rivers, give a very 
peculiar character to the shore, and bring down, not only a vast 
supply of fresh water, but also a large quantity of detritus of all 
sorts from tlie land. Under these circumstances life would be 
impossible for many of the animals which live farther north. 
The only locality on the North Atlantic shore, where the condi- 
tions are somewhat similar, is at the mouth of the St, Lawi^ence, 
that great drainage-bed through which the Canadian lakes empty 
their superfluous waters into the Gulf of St. Lawrence. 

The whole coast of the Carolinas, from Cape Hatteras to 
Florida, is a sandy beach ; but though in this respect it resembles 
that immediately to the north of it, it diifers greatly in other 
features. Comparatively Utile fresh water is poured into the 
ocean along this shore, and its more southerly range, instead 
of being protected by sand-spite like Pamlico and Albemarle 
Sounds, or broken by estuaries and inlets like the coast of Vir- 
ginia, lies broadly open to the sea. On its extensive beaches 
we have the large Pholas, burrowing deep below the surface, 
and the Cerianthus, those long, cylindrical Actinite, enclosed in 
sheaths, witli their bright crowns of gayly-colored tentacles ; the 
free colonies of Halcyonoids aboimd also on tliis coast, and a new 
set of Sea-urchins (Spatangoids and Clypeastroids) make their 
appearance, 

Fartlier south, along the Florida coast, a new element comes 
in, that of the coral reefs, enclosing shallow channels near the 
shore, and thus providing sheltered harbors on their leeward side, 
while on their seaward side they slope steeply to the ocean. Be- 
side this, the reef itself affords a home for a great variety of 
creatures, who bore their way into it and live in its recesses, as 
some insects live in the bark of trees. Periiaps a more favor- 
able combination of circumstances fbr the development of marine 
life does not exist anywhere than about the coral reefs of 
Morida, and certainly nowhere is there a more rich and varied 
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littoral fauna, especially on their western shore within tlie Gulf 
of Mexico. Here swims the Portuguese Man-of-War, home gayly 
along on the surface of the water by its brilliant float, here the 
blue Yelella sets its oblique sail to the wind, and hosts of the 
lighter and more brightly tinted corals fringe the shore with a 
many-colored shrubbery. In these waters are also found the blue 
and yellow Angel-iish, the Parrot-fish (Scarus), and the strange 
Porcupine-fish (Diodon). Vegetable life is comparatively scanty 
in these tropical waters, where there are scarcely any sear-weeds, 
except the corallines or limestone Algse of the reefs. The shore 
of the Gulf of Mexico, as a whole, has much the same character 
as that of the Carolinas, until we reach the point where the 
mountains and plateau of Mexico come down to the coast. From 
this point to the Isthmus of Panama the coast is again rocky. 

Crossing the Isthmus and following the Pacific shore of the 
continent northward, we find a sandy open shore alternating with 
rocky beaches as far north as Acapulco. Along this coast there 
is to be found a great variety of corals, especially Sea-fans, 
growing on the rocks, but no reef. The PociUopora, an Aeale- 
phian coral, the Pacific representative of the Millepore of Florida, 
is especially abundant. On the peninsula of Lower California we 
come again npon a rocky coast, with steep bluffs, extending into 
the sea. "Within the Gulf of California are found, on its sandy 
coast, peculiar kinds of Sea-urchins, Spatangoids, and Olypeas- 
troids, which occur nowhere else on this coast. From Capo St. 
Lucas up to the Straits of Puea, with the exception of the large 
estuary forming the Bay of San Francisco, there are scarcely a 
couple of harbors of any consequence. The whole shore is most 
inhospitable, and the violent northwest winds in summer, and 
the southeast winds in winter, render it still more bleak and difH- 
cult of approach. In consequence of these conditions, the fauna 

scanty along a great part of the shore ; the best spots for collect- 
.ug are the beaches, near the head of the peninsula, opposite the 
,slands of Santa Barbara and San Diego, and that within the 
harbor of San Francisco. On the former, large Craw-fishes abound 
(Palinurus), akin to those of Florida, though specifically different 
from them. In the latter, the great amount of fresh water 
prevents the fauna from being exclusively marine ; this harbor is, 
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iievevtheless, the great centre of the viviparous fishes, and con- 
tains also a large Tariety of peculiarly" shaped Seulpins. 

Farther north, between the Straits of Fuca and the island of 
Sitka, the shore resembles that of Maine, with its many islands, 
bays, and inlets ; a succession of long, narrow islands forms a 
barrier along the coast, enclosing the shore waters, so as almost 
to mate them into an inland sea. But little fresh water empties 
upon this part of the coast, and here, where the salt water is little 
modified by any deposit from the land, but where the violence of 
the ocean is broken by this barrier of islands, there is a full devel- 
opment of marine life. The shores of the Gulf of Georgia, and 
those of Vancouver's Island, seem to bo especially the home of 
the Star-fishes. The fauna of tliis locality has been but little in- 
vestigated, and yet the number of species of Star-fishes known 
from there is greater than from any other region ; many of them 
are of colossal size, measuring some four feet in diameter. This 
coast seems also very favorable for the development of Hydroids, 
in consequence of whicli its waters swarm with a variety of Jelly- 
fishes. The Pennatula, that pretty compound Halcyonoid, with 
its feather-like sprays, is another characteristic type of this fauna. 
Beyond this, from Sitka to Behring's Straits, the same rocky 
coast prevails as in Labrador and Greenland. In Behring's 
Straits we return again to the forests of beautiful compound 
MoUusks, or rather to a variety of "representative species," 
resembling the Bryozoa and Aseidians so abundant in Baflin's 
Bay. Tlie depth of the water, however, is much less here than 
on the corresponding Atlantic coast, where, south of Greenland, 
along the shore of Labrador, the water is very deep, wliile in 
Behring's Straits the depth is not greater than from one hundred 
to one hundred and twenty fathoms. The respective faunse of 
these two sliores are also affected by tlie difference of temperature, 
the cold current from Baffin's Bay sweeping down upon the coast 
of Labrador, while, through Behring's Straits, the warm current 
from the Pacific pours into tlie Arctic Ocean. 

Thus t!ie whole coast of our continent is peopled more or less 
thickly with animals. But now arises a new set of iucLuiries ; 
how far into the sea do these animals extend ? how wide is their 
domain ? Do tliey wander at will in the ocean, or are they 
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bound by any law to keep within a certain distance ol the shore ? 
These questions would seem to be easily answered, for wherever 
we go on the surface of the sea, and as far as the eye can pene- 
trate into its depths, we find it full of life ; and yet a closer ex- 
amination shows that all these beings have their appointed boun- 
daries. Along the shores, animal and vegetable life ■ seems to be 
distributed in certain definite combinations. Those who are 
familiar with rocky beaches readily recognize the different bands 
of color produced by the various kinds of sea-w^ed growing at 
given distances between high and low-water-mark. First comes 
the olive green rockweed (the Fucus), and with it are found bar- 
nacles and small Crustacea, myriads of which are to be seen hop- 
ping about in this rockweed when the tide is out. Below these 
are the brown crispy Rhodersperms and MelanospemiB, and asso- 
ciated with them are Star-fishes, Crabs, and Cockles. Next in 
order is the Laminarian zone. Here we have the broad fronds 
of the Laminaria, the " devil's aprons," as tlie fishermen call 
them ; in this zone is the homo of the Sea-urchin, and here will 
be found also a few small fishes. Lastly we have the Coralline 
zone, so called on account of the lime deposit in the sea-weeds, 
giving them the rigidity of corals ; among tliese the Lobsters 
make their appearance, and here are to be found also numerous 
clusters of Hydroids, the nurses of the Jelly-fishes. 

This distribution is not casual ; these belts of animal and vege- 
table life are sharply defined and so constantly associated, that 
they must be controlled by the same physical laws. The first 
important investigations on this subject were made by Orsted, 
the distinguished Danish naturalist. He undertook a complete 
topographical survey of the coast near which he lived, carrying 
his soundings to a depth of some twelve fathoms, and fo\ind that 
both the fauna and flora of the shore were divided, according to 
the depth of the water, into bands of vegetable Euid animal life, 
corresponding very nearly with those given above. His observa- 
tions were, however, limited, not extending beyond the neighbor- 
hood of his home. It is to Edward Forbes, the great English 
naturalist, whose short life was so rich in results for science, that 
we owe a more complete and extensive investigation of the whole 
subject. 
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Aided by a friend, Captain McAndrew, who placed his yacht 
at his disposal, he made a series of observations on the British, 
Scandinavian, and Danish coasts, and explored also with the 
same object the shores of the Mediterranean. Not content witli 
sounding the present ocean, he sunk his daring plummet in the 
seas of past geological ages, and by comparing tlie nature and 
position of their fossil remains with tliose of living marine faunse, 
he measured the depths of the water along their shores. He col- 
lected a vast amount of material, and the results of his labors 
have formed the basis of all subsequent generalizations upon this 
subject. Nevertheless he arrived at some erroneous conclusions, 
which, had he lived, he would no doubt have been the first to 
correct. Dredging from low-water-mark outward, he found that, 
from the Laminarian and Coralline zone, the animals began grad- 
ually to decrease in number, and that, at a depth of two or three 
hundred fathoms, the dredge always came up nearly empty. 
He inferred that at a certain depth the weight of water became 
too great to be endured by animals, and that the ocean beyond 
this line, like the land beyond the line of perpetual snow, was 
ba re of 1 lb This result seemed the more probable on accouJit 
of tl e n me se pressure to which animals are subjected, even at 
a comj a at vely moderate depth. A column of water thirty-two 
feet 1 gh s equal to one atmosphere in weight ; this pressure 
be g ncreased to the same amount for every thu-ty-two feet of 
depth, it follows that a fish one hundred and twenty-eight feet, or 
some twenty fathoms below the surface, is under the pressure of 
almost four atmospheres plus that of the air outside. Wherever 
tides run high, as in the Bay of Fundy, for instance, where an 
animal is under the pressure of one atmosphere at low tide, and 
of three atmospheres at high tide, we see that marine animals are 
unhijured by great changes of pressure. Yet it seems natural to 
suppose that there is a limit to this power of resistance ; and 
that there must exist barren areas at the bottom of the ocean, as 
destitute of life as the regions on the earth which are above the 
line of perpetual snow. No doubt pressure does iniiuence the 
distribution of life in the ocean ; but it would seem, from subse- 
quent observations, that the boundaries assigned by Forbes were 
far too narrow, and that the structure of many marine animals 
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enables tliem to live under a weight, the one hundredth part of 
which would be fatal to any terrestrial animal. 

For some years Forbes's tlieory was very generally accepted, 
and tho results of Darwin's and Dana's investigations, showing 
that corals could not live beyond a deptli of fifteen fatlioms, 
seemed to confirm it. But, quite recently, facts derived from 
new and unlooked-for sources of information have given a check 
to this theory. Commerce has come to the aid of science (re- 
warding her for the gift first received at her hands), and tlie 
telegraph cables, alive with the secrets of sea and land, have 
brought us tidings from tlie deep. Dr. Walhch, the naturalist 
who in 1860 accompanied the expedition to explore the bed of 
the Atlantic, previous to laying the telegraphic cable, first called 
attention again to this subject. He brought up various ani- 
mala, highly organized, from a deptli of about nineteen hundred 
fathoms. 

Yet, in spite of this positive evidence added to the former ob- 
servations of Ehrenberg, and to those of Sir James Eoss, who, 
in the Antarctic Sea, brought up an Euryale on a sounding-line 
from a depth of eight hundred to a thousand fathoms, natitral- 
ists were slow to believe that the distribution of animal life in 
tlie ocean was not limited to the shallow depths assigned by 
Edward Forbes. In the Mediteri'aiiean and in the Red Sea, 
from depths of eighteen hundred to two thousand fathoms, living 
animals have been brought up on the telegraph wires, not of 
doubtful infusorial character, hovering on tlie border-land be- 
tween animal and vegetable life, but of considerable size, as, for 
instance, one or two Itiuds of Crustacea, Cockles, stocks of Bry- 
ozoa and tubes of Annelids. Wlieii the cable between France 
and Algiers was taken up from a depth of eigliteen hundred 
fathoms, there came with it an Oyster, Coclde-shells, Annelid 
tubes, Bryozoa and Sea-fans. As these animals were growing 
upon it, there could be no doubt that they had their normal life 
and development at this depth, and since they are carnivorous, 
they tell also of tiie existence of other animals with tliem on 
which they feed. 

Tho dredge, which thus far has played an important part in 
zoological researches, is destined to revohitiouize many of our 
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